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ABSTRACT
The purpose o f  t h i s  study was to compare the  
s i z e s  and numbers of  co l l a ge n  and e l a s t i n  f i b e r s  of  r a t  
aor t a  as a r e s u l t  of  e x e r c i s e .  Data were c o l l e c t e d  from 
180 a d u l t  male Hol tzman a l b i n o  r a t s ,  75 days and 130 days 
o l d .
The e x e r c i s e  program cons i s t ed  o f  group swimming 
15 minutes d a i l y  (2 groups)  and 30 minutes d a i l y  (2 g r oups ) ,  
5 consecut i ve  days per  week f o r  10 days and 20 days in  
wa t e r  ma i n t a i ned  a t  room t e mpe r a t u r e .  Rats in the two 
cont r o l  groups did not swim. Water  depth f o r  the swimmers 
was 9^ inches f o r  the 75 day ol d r a t s  and 10 i  inches f o r  
the 130 day ol d r a t s .
At the concl us i on o f  the s t udy ,  a l l  r a t s  were 
s a c r i f i c e d  by e t h e r  and t he  e n t i r e  arch o f  the aor t ae  
were prepared f o r  exami nat i on of  co l l ag e n  and e l a s t i n  
f i b e r s  by l i g h t  mi croscopy.  In or der  to compare the  
a o r t i c  c o l l a g e n  and e l a s t i n  f i b e r s  of  the c o n t r o l s  and 
e x p e r i m e n t a l s , 3 X 2  f a c t o r i a l  a n a l y s i s  o f  va r i a nc e  designs  
wi t h  or t hogonal  comparisons were u t i l i z e d .
The r e s u l t s  of  t h i s  study were:
1.  There were no d i f f e r e n c e s  in t he  numbers or  
si zes  of  co l l agen  f i b e r s  between the c o n t r o l s  and the  
exper i ment a l  ani mal s .
v i i i
2. Si zes o f  the  e l a s t i n  f i b e r s  were not  d i f f e r e n t  
between the  swimmers and c o n t r o l s .
3.  The swimmers had a s i g n i f i c a n t  i ncr e ase  in the  
number of  e l a s t i n  f i b e r s  w i t h  the 75 day ol d r a t s  having  
the g r e a t e s t  i n c r e a s e .
4.  There was no d i f f e r e n c e  in t he  number of  
e l a s t i n  f i b e r s  of  the r a t s  which swam 10 days and those  
which swam 20 days.
5.  Swimming and age plus d u r a t i o n  (10 days and 
20 days)  had no s i g n i f i c a n t  e f f e c t  on one anot her .
Wi t h i n  t he l i m i t a t i o n s  of  t h i s  s t udy ,  the  f o l l o w i n g  
concl usi ons were reached:
1.  The e x e r c i s e  program u t i l i z e d  in t h i s  study  
i ncreased on l y  the  number of  e l a s t i n  f i b e r s  in the a o r t i c  
media o f  the swimmers.
2.  D i f f e r e n t  e x e r c i s e  did not  a f f e c t  the s i zes  and 
numbers o f  c o l l a g e n  f i b e r s  in r a t  a o r t a e ,  nor were t h e r e  
d i f f e r e n c e s  between ages.
CHAPTER I
INTRODUCTION
Exe r c i s e  i s  needed a l l  y e a r  long f o r  proper
f u n c t i o n i n g  o f  b i o l o g i c a l  p r ocesses .  The human organism
needs e x e r c i s e  on a r e g u l a r  basi s  j u s t  as the  human
organi sm demands n u t r i t i o u s  food ever y  day.  Hardening o f
t h e  a r t e r i e s  i s  a n a t u r a l  p a r t  o f  g e t t i n g  o l d ,  but  a c c or d -
i ng t o  Bucher ,  blood ve s se l s  a r e  p a r t i a l l y  dependent  on
r e g u l a r  e x e r c i s e  to keep i n  shape.  Dr .  Paul Dudley Whi t e ,
wor l d - r enowned a u t h o r i t y  on h e a r t  d i s e a s e ,  s t a t e s  t h a t  f o r
some unknown r eason,  men who slow down at  f o r t y  year s  o f
age seem to i n c r e a s e  t he p o s s i b i l i t y  o f  hardeni ng o f  t he
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a r t e r i e s .  Accordi ng t o  Morehouse and M i l l e r ,  the  e l a s t i c i t y  
o f  t h e  a r t e r i a l  w a l l s  tends to d i m i n i s h  w i t h  advanci ng age.
E f f e c t i v e  work out put  r e q u i r e s  an adequate f u e l  
supp l y  made a v a i l a b l e  t o  muscles and o t h e r  organs in the  
form of  oxygen and e s s e n t i a l  n u t r i e n t s  c a r r i e d  in the  b l ood.  
In t he  c i r c u l a t o r y  system,  blood ve sse l s  a c t  as a system
Char l e s  A. Bucher ,  Foundat i ons o f  Phys i ca l  Educa­
t i o n  {6th e d . ;  S t .  Loui s :  The C. VT Mosby Company, 1 9 7 2 ) ,  
pp.  4 3 8 - 3 9 .
o
Laurence E. Morehouse and Augustus T.  M i l l e r ,  
Phys i o l ogy  o f  E x e r c i s e  ( 5 t h  e d . ;  S t .  Loui s:  The C. V.
Mosby Company, 1 9 6 7 ) ,  p . 110.
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o f  tubes c a r r y i n g  t he blood to and from the body t i s s u e .
There is a c o o p e r a t i v e  e f f e c t  o f  a l l  b o d i l y  processes
i nvol ved in or der  to adequat e l y  accompl ish m o b i l i z a t i o n  f o r
an a c t i v i t y .  I t  has been hypot hesi zed t h a t  a r t e r i e s  become
more supple and e l a s t i c  wi t h  endurance t r a i n i n g ;  t h e r e f o r e ,
more e f f i c i e n t  c a r r i e r s  f o r  blood f l ow necessary f o r  heavy
3
work of  long d u r a t i o n .
Because o f  the  a o r t a ' s  high degree of  e l a s t i c i t y ,  
the c a p a c i t y  i ncr eases  wi t h blood volume i n c r e a s e s ,  and 
decreases when blood volumes decr ease .  Due to the e l a s t i c  
q u a l i t y  o f  the  a o r t a  and l a r g e  a r t e r i e s ,  p o t e n t i a l  energy  
i s t r ansf ormed i n t o  k i n e t i c  energy or  blood f l o w . ^
A r t e r i e s ,  e s p e c i a l l y  l a r g e r  ones,  have a predominance of  
e l a s t i c  t i s s u e  in t h e i r  w a l l s .  Dur ing s y s t o l e ,  blood is  
pumped i n t o  t he  l a r g e  a r t e r i e s  f a s t e r  than i t  can f l ow out  
of  the a r t e r i e s  i n t o  c a p i l l a r i e s ;  t hus ,  the w a l l s  of  
a r t e r i e s  are  d i s t ended by the excess blood.  In d i a s t o l e ,  
when e j e c t i o n  of  blood by the h e a r t  has stopped,  a r t e r y  
wa l l s  r e c o i l  and f o r c e  the excess blood to the c a p i l l a r i e s .  
This e l a s t i c  p r op e r t y  of  the a r t e r i a l  wa l l s  is l a r g e l y  
r e s p on s i b l e  f o r  t he  maintenance o f  blood f l o w  dur i ng
3
W i l l i a m  C. Adams, et  a l . ,  Foundat ions o f  Phys i ca l  
A c t i v i t y  (3rd e d . ;  Champaign: S t i pes  P ub l i s h i ng  Company,  
1968} ,  pp.  3 7 - 3 8 ;  54.
^Benjamin R i c c i ,  P h y s i o l o g i c a l  Basis o f  Human Per ­
formance ( P h i l a d e l p h i a :  Lea and Fe b i g er ,  1 9 7 0 ) ,  pp. 8 4 - 8 5 .
d i a s t o l e .  An i mpo r t a n t  ad j us t ment  dur i ng  e x e r c i s e  is an 
e l e v a t i o n  of  a r t e r i a l  blood pressure which i ncreases  blood  
f l ow through muscular  t i s s u e .
The wal l  o f  the  a o r t a  and o t h e r  a r t e r i e s  is composed 
p r i m a r i l y  of  c o l l a g e n  and e l a s t i n  connec t i ve  t i s s u e  f i b e r s .  
Connect i ve t i s s u e ,  compr i s i ng a major  p o r t i o n  of  the t o t a l  
body mass,  l i m i t s  the  range and speed o f  movement.  This  
t i s s u e  cons i s t s  of  a f i n e ,  i n t e r l a c e d  network of  f i b e r s  
l y i n g  w i t h i n  a g e l a t i n o u s  ground subst ance.  There are  
t h r e e  types of  connec t i ve  t i s s u e  f i b e r s :  c o l l a g e n ,  e l a s t i n ,  
and r e t i c u l a r .  Col l agen f i b e r s  are composed o f  p r o t e i n  
t h a t  tends to form l a r g e  bundles of  f i n e  f i b e r s ,  wh i l e  
r e t i c u l a r  f i b e r s  c o n s i s t  o f  very f i n e  p r o t e i n  f i b e r s  com­
bined wi t h  a high c a r bohy dr a t e  component .  E l a s t i n  f i b e r s  
are composed o f  t h r e ads  of  s u l f a t e  po l ys a c c ha r i de s  in
combi nat i on wi t h p r o t e i n .  Exer c i se  does a f f e c t  the c ond i -
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t i o n  o f  connect i ve  t i s s u e .  According to a r ev i e w of  
research done in Germany,  i t  appears t h a t  co ns i de r a b l e  
changes in connec t i ve  t i s s u e s  r e s u l t  from e x e r c i s e .  Wi th 
any f u n c t i o n a l  s t r a i n  ( e x e r c i s e ) ,  a pr i mary  c e l l u l a r  m u l t i ­
p l i c a t i o n  occurs which r e s u l t s  in hyper t r ophy  of  l i g a me n t s ,  
t endons,  and o t h e r  connec t i ve  t i s s u e s .  E l e c t r o n  microscopy  
i n d i c a t e d  t h i s  was due to a t h i c k e n i n g  o f  co l l agenous
^Morehouse and M i l l e r ,  op.  c i t . ,  pp. 6 1 - 6 2 ;  105;
109.
f i b r i l s .  In gui nea p i g s ,  the h y a l i n e  c a r t i l a g e  t h a t  covers  
the  a r t i c u l a t i n g  s ur f a c e s  o f  bones showed p r o l i f e r a t i o n  o f  
c a r t i l a g e  c e l l s  as wel l  as i n c r e a s es  in co l l agenous  f i b e r s  
a f t e r  t h r e e  weeks o f  t r a i n i n g ,  r e s u l t i n g  i n  a t h i c k e r  and
c 7
b e t t e r  p r o t e c t e d  j o i n t  s u r f a c e .  Accordi ng to P e t e r s on ,
R. J.  Tomanek found t h a t  t r a i n i n g  r e s u l t e d  in no i n c r e a s e  in 
c o l l a g e n  o f  t he  h e a r t  i n e i t h e r  young or  ol d r a t s .  More 
r ese ar ch  ‘ needs to be conducted in t h i s  area to de t e r mi ne  
t he e f f e c t s  o f  phy s i c a l  t r a i n i n g  upon c o l l a g e n  and e l a s t i n  
c o nn e c t i v e  t i s s u e  f i b e r s  o f  r a t  a o r t a  o f  75 day o l d  and 130 
day ol d r a t s .
  . STATEMENT OF THE PROBLEM
The problem in t h i s  st udy was to de t e r mi ne  the  
e f f e c t s  o f  e x e r c i s e  upon c o l l a g e n  and e l a s t i n  f i b e r s  o f  the  
a o r t a  o f  a d u l t  male w h i t e  r a t s .
PURPOSE OF THE STUDY
The purpose o f  t h i s  r e s e a r c h  study was to de t e r mi ne  
i f  a d i f f e r e n c e  e x i s t e d  between t h e  s i z e s  and numbers of
He r be r t  A. d e V r i e s ,  Phys i o l ogy  o f  E x e r c i s e  f o r  
Phys i ca l  Educat i on and A t h l e t i c s  (Dubuque: W i l l i a m  C. Brown 
Company, 1 9 6 6 ) ,  pp^ 180-81 .
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Ri chard A l l e n  P e t e r s o n ,  " M i c r o s t r u c t u r a l  and 
U 1 t r a s t r u c t u r a l  Response o f  Myocardium to Aer ob i c  Phys i ca l  
T r a i n i n g "  ( unpub l i s hed  D o c t o r ' s  d i s s e r t a t i o n ,  U n i v e r s i t y  of  
Wi scons i n ,  1 9 7 1 ) ,  p.  2.
c o l l a g e n  and e l a s t i n  f i b e r s  o f  t h e  a o r t a  o f  75 day o l d  r a t s  
and 130 day o l d  r a t s  i n  10 days and 20 days o f  swimming.  A 
sub- pur pose  was t o  obser ve  t h e  s t a i n i n g  d e n s i t i e s  i n  the  
e x p e r i m e n t a l  c o l l a g e n  and e l a s t i n  a o r t i c  c o n n e c t i v e  t i s s u e  
o f  t h e  r a t s .
SIGNIFICANCE OF THE STUDY
The e f f e c t  o f  e x e r c i s e  on the  a o r t a  has not  been 
exami ned,  s i nc e  on l y  hypot heses  e x i s t e d  whi ch s t a t e d  t h a t  
a r t e r i e s  became more supp l e  and e l a s t i c  w i t h  endurance  
t r a i n i n g  and t h a t  e x e r c i s e  he l ps  to m a i n t a i n  h e a l t h  o f  t he  
bl ood v e s s e l s .  Thus,  t h e  e f f e c t  o f  an e x e r c i s e  program on 
t he  c o l l a g e n  and e l a s t i n  f i b e r s  o f  t he  a o r t a  was i n  need of  
i n v e s t i g a t i o n .  F u r t h e r m o r e ,  t he  c o n d i t i o n  o f  t h e  a o r t a  
does i n f l u e n c e  p h y s i c a l  p e r f o r ma nc e .  I f  t he  a t r i a l  wa l l  
was n o n e l a s t i c ,  or  had l i t t l e  e l a s t i c i t y ,  t i ien p o t e n t i a l  
ener gy  cou l d  not  be c o n v e r t e d  i n t o  k i n e t i c  ener gy  or  blood  
f l o w  t o  a d e q u a t e l y  supp l y  f u e l  to muscles and o t h e r  organs  
under go i ng  p h y s i c a l  a c t i v i t y ;  t h u s ,  p h y s i c a l  a c t i v i t y  would  
be e i t h e r  g r e a t l y  reduced to d e l e t e d  c o m p l e t e l y .
p
Accor d i ng  t o  d e V r i e s ,  some r e s e a r c h  has shown t h a t
e x e r c i s e  di d b r i n g  about  changes in l i g a m e n t s ,  t e ndo ns ,  and
g
o t h e r  c o n n e c t i v e  t i s s u e s .  Pe t e r son r e p o r t e d  t h a t  Tomanek
8 9d e V r i e s ,  l o c .  c i t .  P e t e r s o n ,  l o c .  c i t .
i n d i c a t e d  e x e r c i s e  d i d  not  b r i n g  about  any changes i n  
c o l l a g e n  o f  t h e  h e a r t .  More r e s e a r c h  needs t o  be conduct ed  
i n  t h i s  ar ea  i n  o r d e r  t o  d e t e r m i n e  wh et her  or  not  p h y s i c a l  
t r a i n i n g  w i l l  produce changes i n  c o l l a g e n  and e l a s t i n  
f i b e r s  o f  t he  a o r t a  o f  t h e  r a t  whi ch can be d e t e c t e d  by 
l i g h t  mi c r os c op y .  F u r t h e r m o r e ,  up t o  t he  p r e s e n t  t i m e ,  no 
st udy  has i n v e s t i g a t e d  e f f e c t s  o f  p h y s i c a l  t r a i n i n g  upon 
c o n n e c t i v e  t i s s u e  o f  a r t e r i e s  and bl ood v e s s e l s .
DELIMITATIONS OF THE STUDY
The f o l l o w i n g  f a c t o r s  were d e l i m i t a t i o n s  o f  t h i s
s t u d y :
1.  One hundred e i g h t y  a d u l t  male w h i t e  r a t s  were  
used as s u b j e c t s .
2 .  T r e a t me n t  c o n s i s t e d  o f  swimming f o r  15 mi nu t es  
a n d / o r  30 mi nu t es  in a met a l  t ank  i n  w a t e r  m a i n t a i n e d  a t  
room t e m p e r a t u r e .
3 .  The t e s t i n g  p e r i o d  was conduct ed f o r  10 a n d / o r  
20 da ys ,  5 days per  week.
4 .  E f f e c t s  o f  e x e r c i s e  were de t e r mi ne d  on l y  f o r  
c o l l a g e n  and e l a s t i n  f i b e r s  o f  t h e  a o r t a .
LI MITATIONS OF THE STUDY
The f o l l o w i n g  f a c t o r s  were l i m i t a t i o n s  o f  t h i s
s t u d y :
1.  The p h y s i c a l  c o n d i t i o n  o f  t he  r a t s  may v a r y .
2.  Some o f  t he  r a t s  may have had weak a o r t i c  t i s s u e  
p r i o r  to t he  e x pe r i me n t .
3.  Some o f  the r a t s  may have had d e f o r m i t i e s  in the  
c o l l a g e n  and e l a s t i n  f i b e r s  p r i o r  to the  e x pe r i me nt .
HYPOTHESIS
The hy pot hes i s  o f  t h i s  i n v e s t i g a t i o n  was t h a t  the  
e x e r c i s e  t r e a t m e n t  employed would i n c r e a s e  t he  s i z e s  and 
numbers o f  t he  c o l l a g e n  and e l a s t i n  f i b e r s .
DEFINITIONS OF TERMS USED
Col 1agen f i b e r s  ar e  c o nn ec t i v e  t i s s u e  f i b e r s  
r e f e r r e d  t o  as w h i t e  f i b e r s .  Funct i on of  t hese  f i b e r s  is  
to r e s i s t  s t r e t c h i n g .  I f  c o l l a g e n  f i b e r s  a r e  s t r e t c h e d  
beyond t h e i r  c a p a c i t y ,  t h ey  sever  or  f r a y  l i k e  a rope .  
Col l agen f i b e r s  appear  as wavy s t r u c t u r e s  or  s t r a n d s ,  
some s l e n d e r ,  o t h e r s  q u i t e  c o a r s e ,  and c o n t a i n  l o n g i t u d i n a l  
s t r i a t i o n s .  The s i z e  o f  t h e  f i b e r s  range f rom 1 to 30 
microns in d i a m e t e r .
E l a s t i n  f i b e r s  a r e  c o n n e c t i v e  t i s s u e  f i b e r s  
r e f e r r e d  t o  as y e l l o w  f i b e r s  which can s t r e t c h  c o n s i d e r a b l y . 
I f  s t r e t c h e d  beyond t h e i r  c a p a c i t y ,  the f i b e r s  break o f f  
s q u a r e l y ,  wi ndi ng as t hey  r e t r a c t .  E l a s t i n  f i b e r s  appear  as 
s o l i t a r y  s t r u c t u r e s  which br anch,  thus f ormi ng a ne t work .  
Si ze  o f  t he  f i b e r s  range f rom 0 . 2  to 5 microns i n d i a m e t e r .
The a o r t a , l a r g e s t  a r t e r y  in t he  body,  a r i s e s  from
the  l e f t  v e n t r i c l e  of  the h e a r t .  Funct i on of  the ao r t a  is 
to c a r r y  blood f rom the h e a r t ,  through branch a r t e r i e s ,  to 
a l l  pa r t s  of  the body. The a o r t i c  wa l l  i s  e l a s t i c  and is  
composed of  t h r e e  d i s t i n c t  l a y e r s .  Tuni ca  i n t i m a ,  the 
i n t e r n a l  l a y e r ,  i s composed p r i m a r i l y  o f  col l agenous f i b e r s ,  
e l a s t i c  f i b e r s ,  and smooth muscle f i b e r s .  The mi ddl e  
l a y e r ,  t u n i c a  medi a ,  i s t he  t h i c k e s t  l a y e r  and i s  composed 
p r i m a r i l y  of  e l a s t i c  t i s s u e  arranged i n t h i c k  c o n ce n t r i c  
bands,  s i x  to ten in number.  Tunica a d v e n t i t i a ,  the out er  
l a y e r ,  is composed p r i m a r i l y  of  co l l agenous  f i b e r s .
F i x i ng  the t i s s u e  or  f i x a t i o n  i s  the method used 
to preserve t i s s u e .  The a o r t i c  t i s s u e  was f i x e d  i n a 10 
percent  s o l u t i o n  of  f o r m a l i n .
Embedding t i s s u e  i s  the  method used to i n f i l t r a t e  
t i s s u e  wi t h m a t e r i a l  t h a t  i s s t i f f  and abl e  to be c u t .  The 
a o r t i c  t i s s u e  was embedded in p a r a f f i n .  For p a r a f f i n  em­
beddi ng,  the f i x e d  t i s s u e  was dehydrat ed f i r s t ,  then placed  
i n t o  mol ten p a r a f f i n  f o r  t h r e e  hours.  A f t e r  the p r e p a r a t i o n  
had cool ed,  having i n f i l t r a t e d  the i n t e r s t i c e s  o f  the  
t i s s u e ,  the p a r a f f i n  became s o l i d ,  f o r mi ng  a bl ock t h a t  
was cu t .
S t a i n i n g  t i s s u e  was necessary in order  to study  
d i f f e r e n t  components such as co l l agen and e l a s t i n  f i b e r s .
In s t a i n i n g  c o l l a g e n  and e l a s t i n  f i b e r s  wi t h the  o r c e i n -  
haemal u m - t a r t r a z  i ne s t a i n ,  ( a )  c o l l a g e n  f i b e r s  s t a i n  
y e l l o w ,  and (b)  e l a s t i n  f i b e r s  s t a i n  brown.
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Ad l i b i t u m  is the term used to i n d i c a t e  t h a t  the  
r a t s  w i l l  ea t  food and d r i n k  wat er  as the  r a t s  wi sh.
Micron is a u n i t  of  l engt h  and i s  1 / 1000  of  a 
m i l l i m e t e r .
CHAPTER 2
REVIEW OF THE LITERATURE
The r e v i e w  of  r e l a t e d  l i t e r a t u r e  has been d i v i d e d  
i n t o  two p a r t s :  ( a )  s t u d i e s  on the  e f f e c t s  o f  phys i ca l  
t r a i n i n g  on smal l  ani mal s  and (b)  h i s t o l o g i c a l  s t u d i e s  on 
the  c i r c u l a t o r y  system o f  smal l  an i ma l s .
STUDIES ON THE EFFECTS OF PHYSICAL TRAINING 
ON SMALL ANIMALS
Kenyon and Tor r e s an i ^  s t ud i ed  t he  e f f e c t s  o f  phys­
i c a l  t r a i n i n g  upon body we i gh t  o f  wh i t e  mi ce .  A t o t a l  of  
51 mice was d i v i d e d  i n t o  3 groups.  Mice in group 1 
e x e r c i s e d  d a i l y  f o r  18 c o ns e c u t i v e  days on a motor d r i v e n  
t r e a d m i l l .  In group 2 ,  mice swam d a i l y  f o r  18 cons e c u t i v e  
days in wat e r  ma i n t a i n e d  a t  90°  F a h r e n h e i t .  Animals i n  
group 3 ,  the  c o n t r o l  group,  r e c e i v e d  no s y s t e ma t i c  e x e r c i s e .  
Adj us t e d  mean body wei ght s  o f  t he  t h r e e  groups were compared 
usi ng a n a l y s i s  o f  c o v a r i a n c e .  Resul ts  i n d i c a t e d  t h a t  the  
body we i ght s  o f  t he  e x e r c i s e d  mice were l o wer  than the  
c o n t r o l  mice and t h a t  the mi ce which swam weighed l e s s  than  
t hose  which ran on the t r e a d m i l l .
^Gera l d S. Kenyon,  and Robert  T o r r e s a n i , " E f f e c t s  
o f  Shor t  Per i ods o f  Phys i ca l  T r a i n i n g  Upon Body Weight  o f  
Whi te Mi c e , "  Research Q u a r t e r l y , 34:  2 1 - 2 5 ,  March,  1963.
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Anot her  st udy on t he  e f f e c t s  o f  phys i ca l  t r a i n i n g
2
upon the  myocardium was conducted by Pet e r son .  A t o t a l  
o f  44 male a l b i n o  r a t s  was d i v i d e d  i n t o  an expe r i ment a l  
and a c o n t r o l  group.  The e x p e r i me n t a l  ani mal s  ran 30 
mi nutes per  day f o r  13 weeks on a motor  d r i v e n  t r e a d m i l l .  
Hear t s  were p r e p a r e d . f o r  l i g h t  and e l e c t r o n  mi croscopy.  
Resul t s  i n d i c a t e d  t h a t  the ex p e r i me n t a l  ani mal s  had g r e a t e r  
h e a r t  w e i g h t / b o d y  we i ght  r a t i o s ,  l a r g e r  myocar d i a l  f i b e r  
d i a m e t e r s ,  g r e a t e r  c a p i l l a r y / f i b e r  r a t i o s  in the  h e a r t ,  and 
a l a r g e r  volume o f  m i t o c h o n d r i a  i n  t he  myocardium*,  a l l  
t hese  measures were s i g n i f i c a n t  a t  t he  . 05 l e v e l .
3
Tepperman and Pear lman examined the e f f e c t s  o f  
e x e r c i s e  and anemia on cor onar y  a r t e r i e s  o f  a l b i n o  r a t s ,  
gui nea pigs and anemic d u c k l i n g s ,  us i ng v i n y l  a c e t a t e  
c o r r o s i o n  ca s t s  o f  the h e a r t .  Guinea pigs i n  the  e x p e r i ­
mental  group ran on a m e c h a n i c a l l y  d r i v e n  t r e a d m i l l  and 
swam. Rats i n  one o f  t he  e x pe r i me n t a l  groups,  males and 
f e m a l e s ,  ran d a i l y  i n  Wahmann a c t i v i t y  cages f o r  36 days.  
Male r a t s  i n a n ot he r  e x pe r i me n t a l  group swam 30 mi nutes  
t w i c e  per  day f o r  5 days and once on t he  s i x t h  day f o r  10 
weeks.  The r e s u l t s  showed t h a t  t he  male r a t s  which ran and
2
Ri chard A11en . P e t e r s o n , " M i c r o s t r u c t u r a l  and U l t r a -  
s t r u c t u r a l  Response of  Myocardium to Aerobi c  Phys i ca l  
T r a i n i n g , "  ( unpub l i s hed  D o c t o r ' s  d i s s e r t a t i o n ,  U n i v e r s i t y  
o f  Wi scons i n ,  1 9 7 1 ) .
3
Jay Tepperman,  and David Pear l man,  " E f f e c t s  o f  
E x e r c i s e  and Anemia on Coronary A r t e r i e s  o f  Smal l  Animals  
as Revealed by the C o r r o s i o n - C a s t  T e c h n i q u e , "  C i r c u l a t i o n  
Re s e a r c h , 9: 5 7 6 - 8 4  , May,  1961.
12
swam had a s i g n i f i c a n t  i n c r e a s e  i n  t h e i r  c o r o n a r y - c a s t  
w e i g h t s ,  but  t h e  f e ma l e  r a t s  which ran d i d  not  have a s i g ­
n i f i c a n t  i n c r e a s e  i n  t h e i r  c o r o n a r y - c a s t  w e i g h t s .
4
Brown,  Huang,  B o r t z , and McCay used 84 r a b b i t s  
t o  s t udy  t he  e f f e c t s  o f  e x e r c i s e  in p r e v e n t i n g  co r onar y  
a t h e r o s c l e r o s i s  i n  r a b b i t s  on a c h o l e s t e r o l  a t h e r o g e n i c  
d i e t .  In t h e  e x e r c i s e  gr oups ,  t h e  r a b b i t s  ran d a i l y  20 
mi nut es  a n d / o r  60 mi nut es  in a c y l i n d r i c a l  b a r r e l  f o r  6 ,
8 ,  or  12 weeks.  M i c r o s c o p i c  s e c t i o n s  were p r e s e r v e d  i n  
10 p e r c e n t  f o r m a l i n  o f  t h e  h e a r t ,  a o r t a ,  f emor a l  a r t e r y ,  
pul monary a r t e r y ,  r e n a l  a r t e r y ,  and a few c e r e b r a l  
a r t e r i e s  and o r g a n s .  S e c t i o n s  o f  t h e  a o r t a  and c o r o n a r y  
a r t e r i e s  were s t a i n e d  by t h r e e  methods:  Sudan I V ,  0 . 5  
p e r c e n t  t o l u i d i n  b l u e ,  and V e r h o e f f ' s  e l a s t i c a  s t a i n .  
M i c r o s c o p i c  exami  n a t i o n s  r e v e a l e d  t h a t  e x e r c i s e  had no 
e f f e c t  on t he  deve l opment  o f  a t h e r o ma t a  i n  t h e  a o r t a  and 
c o r o n a r y  a r t e r i e s  o f  r a b b i t s  f ed  a h i gh and low c h o l e s t e r o l  
d i e t .
5
Dowe11 i n v e s t i g a t e d  c a r d i a c  e n l a r ge me nt  o f  r a t  
h e a r t s  produced by e x e r c i s e ,  a o r t i c  c o n s t r i c t i o n ,  and
4
Cl a r k  E. Brown,  e t  a l . , " O b s e r v a t i o n s  on Blood 
Vess e l s  and E x e r c i s e , "  Jour na l  o f  G e r o n t o l o g y , 11:  2 9 2 - 9 7 ,  
J u l y ,  1956.
5Rus s e l l  Thomas D o w e l l ,  " P r o t e i n ,  RNA, DNA, and 
H y d r o x p r o l i n e  Le v e l s  i n  En l a r ged  Hear t s  Produced by E x e r c i s e  
T r a i n i n g ,  D e s o x y c o r t i c o s t e r o n e  A c e t a t e  (DOCA) I n j e c t i o n s ,  
and A o r t i c  C o n s t r i c t i o n , "  ( u n p u b l i s h e d  D o c t o r ' s  d i s s e r t a t i o n ,  
U n i v e r s i t y  o f  I owa,  1 9 7 1 ) .
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i n j e c t i o n  of  d e s o x y c or t i c o s t e r o n e  a c e t a t e  (DOCA).  A t o t a l  
of  10 male r a t s  was assigned to 6 exper i ment a l  groups.
The r a t s  ran 1 hour / day a t  a speed of  1 . 5  km/hour on a 
motor d r i v e n  a c t i v i t y  wheel f o r  80 days.  Data were anal yzed  
using i ndependent  t  t e s t s ,  and r eve a l ed  t h a t  s i g n i f i c a n t  
i ncreases  in t o t a l  he ar t  wei ght  were produced by 80 days of  
e x e r c i s e ,  DOCA i n j e c t i o n s ,  and a o r t i c  c o n s t r i c t i o n .
Another  study on the e f f e c t s  o f  e x e r c i s e  upon the
h e a r t ,  l i v e r ,  k i dne y ,  and adrenal  gl and was conducted by
Bl oor ,  Leon,  and Pa sy k . b A t o t a l  o f  60 young male r a t s  
was d i v i d e d  i n t o  2 exper i ment a l  groups and 2 cont r o l  
groups.  The exper i ment a l  animals swam in a 30 ga l l on
p l a s t i c  tank in wa t e r  a t  3 2 - 3 5 °  Ce l s i us  f o r  10 weeks,  e i t h e r
one hour each day ( d a i l y  group)  or  one hour t wi ce  a week 
( i n t e r m i t t e n t  g r oup) .  A f t e r  s a c r i f i c i n g  a l l  r a t s  wi t h  
e t h e r ,  the t i s s u e s  were cut  i n t o  f i v e  micron t h i c k  sect i ons  
and s t a i n e d  wi t h  hemat oxyl i n  and eo s i n .  The r e s u l t s  i n d i ­
cated t h a t  the he a r t  wei ght s of  the e x e r c i s e  groups were 
s i g n i f i c a n t l y  g r e a t e r  than those of  the cont r o l  groups.
Da i l y  exe r c i s ed  r a t s  had the g r e a t e s t  i nc r e as e  in hear t  
we i gh t .  An i nc r e a s e  in the number o f  myocardi a l  f i b e r s  and
6 Col i n M. B l oor ,  A r t h u r  S. Leon,  and S t an i s l aw  
Pasyk,  "The E f f e c t s  of  Exer c i se  on Organ and C e l l u l a r  
Development  in Ra t s , "  Labor a t or y  I n v e s t i g a t i o n , 19: 6 7 5 - 8 0 ,  
December,  1968.
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s a r cop l asmi c  mass was t he  f a c t o r  r e s p o n s i b l e  f o r  i n c r e a s i n g  
h e a r t  we i g h t s .
Penpargkul  and Scheuer^ used 70 male r a t s  to study  
t he  e f f e c t  o f  e x e r c i s e  upon t he  mechani cal  and met a bo l i c  
per formance o f  t he h e a r t .  The e x pe r i me n t a l  r a t s  swam 75 
minutes t w i c e  d a i l y  5 days per  week f o r  8 weeks.  For a l l  
a n i ma l s ,  c o n t r o l s  and e x p e r i m e n t a l s , the  hear t s  were  
examined f o r  g l ycogen ,  l a c t a t e ,  p y r u v a t e ,  and gl ucose  
l e v e l s .  Ot her  f a c t o r s  c a l c u l a t e d  were:  oxygen consumpt i on,  
c a r d i a c  work,  a o r t i c  p r e s s u r e ,  c a r d i a c  e f f i c i e n c y ,  and 
s y s t o l i c  p r e s s u r e .  Resul t s  i n d i c a t e d  t h a t  in p h y s i c a l l y  
t r a i n e d  r a t s ,  t he  f u n c t i o n  of  the h e a r t  as a pump is 
i mproved.  Hear t s  o f  p h y s i c a l l y  t r a i n e d  r a t s  have g r e a t e r  
a e r o b i c  and mechani cal  r e s e r v e  than do h e a r t s  o f  s e dent a r y  
r a t s .
O
Tomanek i n v e s t i g a t e d  t he  e f f e c t s  o f  age and 
e x e r c i s e  on t he  myocardi a l  c a p i l l a r y  bed.  A t o t a l  o f  80 
male a l b i n o  r a t s  used in t he  st udy was d i v i d e d  i n t o  3 
c o n t r o l s  and 3 ex p e r i me n t a l  groups.  The r a t s  were a l so  
d i v i d e d  i n t o  3 age groups:  40 days ( y o u n g ) ,  130 days ( a d u l t ) ,
^Somsong P enpa r gk u l ,  and James Scheuer ,  "The E f f e c t  
o f  Phys i ca l  T r a i n i n g  Upon the  Mechani cal  and Me t a b o l i c  
Per formance o f  the  Rat H e a r t , "  Journal  o f  C l i n i c a l  I n v e s t i ­
g a t i o n , 49:  1 8 5 9 - 6 8 ,  Sept ember ,  1970,
8 Rober t  J.  Tomanek,  " E f f e c t s  o f  Age and Exe r c i s e  
on t h e  Ex t e n t  o f  the Myocar d i a l  C a p i l l a r y  Bed," Anatomical  
Recor d , 167:  5 5 - 6 2 ,  May,  1970.
1 5
and 575 days ( o l d ) .  Each age group c o n s i s t e d  o f  one 
c o n t r o l  and one e x p e r i m e n t a l  group.  A l l  e x p e r i m e n t a l  
an i ma l s  were run on a m o t o r - d r i v e n  t r e a d m i l l  f o r  6 days  
per  week o v e r  a 12 week p e r i o d .  The speed o f  r unn i ng  and 
t h e  l e n g t h  o f  r unn i ng  t i me  were g r a d u a l l y  i n c r e a s e d  so t h a t  
by t he  e i g h t h  week o f  t r a i n i n g ,  speeds were 1 . 0 - 1 . 5  m i l e s  
per  hour  f o r  pe r i ods  o f  4 0 - 5 0  m i n u t e s .  H e a r t  t i s s u e  was 
pr epar ed  f o r  l i g h t  mi c r o s c o p y .  Measurements o f  f i b e r  
d i a me t e r s  and counts o f  c a p i l l a r i e s  and f i b e r s  were o b t a i n e d  
f rom p r o j e c t e d  images o f  t he  f i e l d s  f rom t r a n s v e r s e  s e c t i o n s  
o f  t i s s u e .  Each f i b e r  was measured t o  d e t e r m i n e :  l a r g e s t  
and s m a l l e s t  d i a m e t e r ;  t he  two v a l u e s  added and t h e i r  mean 
r e c o r d e d .  The h i s t o l o g i c a l  e x a mi n a t i o n s  showed t h a t  
c a p i l l a r y / m u s c l e  f i b e r  r a t i o s  were s l i g h t l y ,  but  s i g n i f i ­
c a n t l y ,  i n c r e a s e d  i n  a l l  o f  t he  e x e r c i s e d  r a t s .  Al t hough  
t h e  number o f  c a p i l l a r i e s / m i l l i m e t e r  decr eased w i t h  age ,  
t h e  number o f  c a p i l l a r i e s / m i l l i m e t e r  was h i g h e r  i n  t r a i n e d  
an i ma l s  .
To d e t e r mi n e  t h e  e f f e c t s  o f  d a i l y  and i n t e r m i t t e n t
e x e r c i s e  on t he h e a r t  and i t s  bl ood s u p p l y ,  Leon and 
g
Bl oor  used 125 young male r a t s .  The e x p e r i m e n t a l  an i ma l s  
were a l l o w e d  to swim i n  a 30 g a l l o n  p l a s t i c  t a n k  in w a t e r  
a t  2 8 - 3 2 ° C  f o r  10 weeks ,  e i t h e r  one hour  d a i l y  (group I )
^ A r t h u r  S. Leon,  and C o l i n  M. B l o o r ,  " E f f e c t s  o f  
E x e r c i s e  and i t s  C e s s a t i o n  on t he  He a r t  and i t s  Blood 
S u p p l y , "  Jour na l  o f  A p p l i e d  P h y s i o l o q y ,  24:  4 8 5 - 9 0 ,  A p r i l ,
1 968.
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or  one hour  t wi ce  week l y  (group I I ) .  H i s t o l o g i c a l  exami na­
t i o n s  were taken o f  t he  cor onar y  a r t e r i e s ,  the e x t r a ­
cor onar y  c o l l a t e r a l  a r t e r i e s ,  and f o r  t he  mi d p or t i on  of  
both v e n t r i c l e s .  A l l  data i n d i c a t e d  t h a t  c a r d i a c  h y p e r ­
t r ophy  w i t h  an a s s o c i a t e d  i n c r e a s e  in t he  cor onar y  a r t e r y  
area was observed o n l y  i n the  animals which swam d a i l y .  In 
both e x pe r i ment a l  gr oups ,  the  e x t r a c o r o n a r y  c o l l a t e r a l  
areas were s i g n i f i c a n t l y  i ncr e as ed  over  t he  co nt r o l  
an imals .
Male a l b i n o  r a t s  were used by Hearn and W a i n i o ^  
to de t e r mi ne  s u c c i n i c  dehydrogenase a c t i v i t y  o f  the h e a r t  
and s k e l e t a l  muscl es .  Cont rol  and ex per i ment a l  ani mal s  
were d i v i d e d  i n t o  4 groups:  1 group had 15 p a i r s  o f  r a t s  
and t he o t h e r  3 groups had 10 p a i r s  o f  a n i ma l s .  Each 
p a i r  c o n s i s t e d  of  one co n t r o l  animal  and one ex per i me nt a l  
a n i ma l .  Exper i ment a l  ani mal s swam 30 minutes d a i l y  in 
32°C w a t e r .  Dur a t i on  o f  t he exper i ment  v a r i e d  f o r  the  
groups:  e x p e r i me n t a l  r a t s  in the  1 5 - p a i r  group swam 5 
weeks w h i l e  the e x pe r i me n t a l  r a t s  in the 1 0 - p a i r  groups  
swam 6 ,  7 ,  and 8 weeks,  r e s p e c t i v e l y .  Hear t  v e n t r i c l e s  
and gast rocnemi us muscles were homogenized t o  de t e r mi ne  
s u c c i n i c  dehydrogenase a c t i v i t y .  From t he  s t a t i s t i c a l
^ G e o r g e  R. Hearn,  and W. W. Wa i n i o ,  " Suc c i n i c  
Dehydrogenase A c t i v i t y  of  Hea r t  and S k e l e t a l  Muscle o f  
Exer c i sed R a t s , "  American Journal  o f  P h y s i o l o g y , 185:  
3 4 8 - 5 0 ,  A p r i l - J u n e ,  1956.
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a n a l y s i s  of  the d a t a ,  no s i g n i f i c a n t  d i f f e r e n c e  was 
observed between the s u c c i n i c  dehydrogenase a c t i v i t y  of  
the cont r o l  r a t s  and ex per i ment a l  r a t s .
Biochemical  a d a p t a t i o n s  as a response to swimming
11was i n v e s t i g a t e d  by Gould and Rawl i nson.  A t o t a l  of  52 
male r a t s ,  ages 8;  11,  and 15 weeks o l d ,  was d i v i de d  i n t o  
an ex per i ment a l  group and a c o n t r o l  group.  Exper i mental  
r a t s  swam 30 minutes d a i l y ,  5 days per week,  f o r  5 weeks.  
Muscles from the  biceps r eg i on o f  the  hind legs were homo­
genized and assayed f o r  t he  f o l l o w i n g  b i ochemi ca l s :  l a c t i c  
and mal i c  dehydrogenase, phosphoryl ase and non- col l agen  
n i t r o g e n .  Muscle assays r ev e a l e d  no d i f f e r e n c e s  o f  l a c t i c
and mal i c  dehydrogenase and phosphor y l ase .
1 2Oscai  and Ho l l osz y  i n v e s t i g a t e d  t he e f f e c t s  of  
e x e r c i s e  and food r e s t r i c t i o n  on wei ght  r educ t i on  and on 
the  h e a r t .  Obese male r a t s  wei ghi ng appr ox i ma t e l y  707 
grams were d i v i d e d  i n t o  3 groups:  b a s e l i n e  group ( c o n t r o l )  
c o n s i s t i n g  of  7 r a t s  which were k i l l e d  a t  the begi nni ng of  
the study;  e x e r c i s i n g  group of  10 r a t s  which swam f o r  18 
weeks;  and sedent ary  p a i r e d - w e i g h t  group of  10 r a t s  wi t h
^ M .  K. Gould,  and W. A. Rawl i nson,  "Biochemical  
Adapt a t i ons  as a Response to E x e r c i s e .  I .  E f f e c t  of  Swim­
ming on the Level s of  L a c t i c  Dehydrogenase,  Ma l i c  Dehydro­
genase,  and Phosphorylase in Muscles of  8 - ,  1 1 - ,  and 15-  
Week-Old Ra t s , "  Biochemical  J o u r n a l , 73:  4 1 - 4 4 ,  1959.
1 2 Lawrence B. Os c a i ,  and John 0.  H o l l o s z y ,  "Weight  
Reduct ion in Obese Rats by Exer c i se  or  Food R e s t r i c t i o n :  
E f f e c t  on the H e a r t , "  American Journal  o f  P h y s i o l o g y , 219:  
3 2 7 - 3 0 ,  August ,  1970.
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food i n t a k e s  r e s t r i c t e d  i n or der  to produce a r a t e  l oss  
comparable to t h a t  of  the e x e r c i s e r s .  Hear ts were assayed 
f o r  m i n e r a l ,  l i p i d ,  myocardi a l  p r o t e i n ,  RNA, and DNA 
c o n t e n t .  Resul t s  i n d i c a t e d  t h a t  c o n c e n t r a t i o n s  of  p r o t e i n ,  
f a t ,  and mi ner a l s  in the  h e a r t  were not  s i g n i f i c a n t l y  
d i f f e r e n t  in the t h r e e  groups.  He a r t  wei ght s  o f  exe r c i s ed  
r a t s  di d not  decrease s i g n i f i c a n t l y ,  but  t h e i r  hear t
w e i g h t - t o - t o t a l  body wei ght  r a t i o  i ncreased mar kedl y .
1 3G o l l n i c k  and King were i n t e r e s t e d  in f i n d i n g  out  
the e f f e c t s  of  t r a i n i n g  and ex ha us t i v e  e x e r c i s e  on r a t  
mi t oc hondr i a  o f  the gast rocnemi us muscle.  The number o f  
male r a t s  used was 16.  H a l f  of  the r a t s  were t r a i n e d  to 
run i n mo t o r - d r i v e n  work wheels by p r o g r e s s i v e l y  i n c r e a s i n g  
t he  speed and d u r a t i o n  o f  d a i l y  e x e r c i s e  sess i ons .  At the  
conc l us i on of  the 4 week t r a i n i n g  p e r i o d ,  the exper i ment a l  
animals ran f o r  an a d d i t i o n a l  6 week p e r i o d ,  40 minutes a t
1 . 0  mph f o l l o we d  by 20 minutes a t  1 . 4  mph d a i l y .  P r i o r  to 
being s a c r i f i c e d ,  f o u r  o f  the  cont r o l  r a t s  swam u n t i l  
exhaust ed,  and f our  o f  the  c o n t r o l s  r e s t ed  on l y .  The data  
i n d i c a t e d  t h a t  mi t oc hondr i a  in t r a i n e d  r a t s  were more 
numerous and appeared to be l a r g e r  wi t h  more densely  
packed c r i s t a e  than in t he c o n t r o l s .
^ P h i l i p  D. G o l l n i c k ,  and Douglas W. King,  " E f f e c t  
o f  Ex e r c i s e  and T r a i n i n g  on Mi t ochondr i a  o f  Rat Sk e l e t a l  
Musc l e , "  American Journal  o f  Phys i o l ogy ,  216:  15 0 2 - 09 ,
June,  1969.
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To e v a l u a t e  t h e  s e v e r i t y  o f  r unn i ng a t  speeds
between 1 . 0  and 2 . 0  m i l e s  per  hour  f o r  r a t s  as i n d i c a t e d
by an i n c r e a s e  i n c o l o n i c  t e m p e r a t u r e ,  G o l l n i c k  and 
14I anu z z o  used f i v e  male r a t s .  Animals were t r a i n e d  f o r  
s i x  weeks t o  run i n  m o t o r - d r i v e n  work wheel s  by p r o g r e s ­
s i v e l y  i n c r e a s i n g  t he  speed and d u r a t i o n  o f  t h e  d a i l y  
e x e r c i s e  s e s s i o n s .  Rats ran u n t i l  ex h a u s t e d .  The d a t a  
i n d i c a t e d  t h a t  c o l o n i c  t e m p e r a t u r e  o f  r a t s  does i n c r e a s e  
as t he  i n t e n s i t y  o f  t h e  e x e r c i s e  i n c r e a s e s .
Mayer ,  M a r s h a l l ,  V i t a l e ,  C h r i s t e n s e n ,  Mashayekhi  ,
1 5and S t a r e  s t u d i e d  t h e  e f f e c t s  o f  e x e r c i s e  upon food 
i n t a k e  and body we i g h t  o f  r a t s  and g e n e t i c a l l y  obese mi ce .  
A d u l t  f e ma l e  r a t s  were d i v i d e d  i n t o  3 e x p e r i m e n t a l  gr oups:
12 r a t s  ran up to 2 hours w h i l e  6 ran f rom 3 - 6  hour s ,  and 
3 ran over  6 hour s .  A l l  e x p e r i m e n t a l  r a t s  ran d a i l y  on a 
t r e a d m i l l  10 mi nut es t hen r e s t e d  5 mi nut es  u n t i l  h a l f  o f  
t h e  t o t a l  r un n i ng  p e r i o d  was o b t a i n e d .  A d u l t  mi ce ,  12 obese  
and non-obese e q u a l l y  chosen f rom males and f e ma l e s ,  were  
used.  H a l f  o f  t he  mice ran on a t r e a d m i l l  w h i l e  t he  o t h e r  
h a l f  served as c o n t r o l s .  The mice e x e r c i s e d  d a i l y  f o r  one 
hour .  D u r a t i o n  o f  t he  s t udy  was 45 days.  From the d a t a ,
^ P h i l i p  D. G o l l n i c k ,  and C. Davi d I a n u z z o ,  " Co l on i c  
Temper a t ur e  Response o f  Rats Dur i ng  E x e r c i s e , "  J our na l  o f  
A p p l i e d  P h y s i o l o g y , 24:  7 4 7 - 5 0 ,  June,  1968.
1 5J.  Mayer ,  e t  a l . , " E x e r c i s e ,  Food I n t a k e  and 
Body Wei ght  i n  Normal Rats and G e n e t i c a l l y  Obese A d u l t  
M i c e , "  Amer i can Jour na l  o f  P h y s i o l o g y , 177:  5 4 4 - 4 8 ,  June ,
1 954.
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t h e  f o l l o w i n g  f a c t s  were obser ve d:  r a t s  e x e r c i s i n g  20 
mi nut es  t o  1 hour  had a s l i g h t ,  but  s i g n i f i c a n t  decr eas e  
i n  food i n t a k e  and body w e i g h t ;  r a t s  e x e r c i s i n g  1 - 5  or  6 
hours had an i n c r e a s e  in food i n t a k e ;  r a t s  e x e r c i s i n g  over  
6 hours l o s t  w e i g h t  and d e cr eas ed  food i n t a k e ;  and 
e x e r c i s e  d i d  not  a f f e c t  t he  we i gh t  o f  normal  m i c e ,  but  
c o n s i d e r a b l y  decr eas ed  t h e  w e i g h t  ga i n  o f  obese mi ce .
A t o t a l  o f  184 a d u l t  male a l b i n o  r a t s  was used in  
5 ex pe r i me n t s  by S r e t e r  and F r i e d m a n ^  t o  d e t e r m i n e  e f f e c t s  
o f  e x e r c i s e  upon sodium,  p o t a s s i u m,  and l a c t i c  a c i d  l e v e l s  
i n  t he  b l ood .  E x p e r i me n t a l  an i ma l s  ran on a t r e a d m i l l  
w i t h  speeds se t  a t :  16 ,  20 ,  2 5 ,  o r  32 m e t e r s / m i n u t e .
D u r a t i o n  o f  t he  runs were 7 ,  1 2 ,  16 ,  or  24 m i n u t e s .  T a i l  
v e i n  bl ood samples were drawn w i t h o u t  a n e s t h e s i a  i n t o  
h e p a r i n i z e d  s y r i n g e s .  R e s u l t s  i n d i c a t e d  t h a t  plasma  
sodium decr eas ed  as a r e s u l t  o f  e x e r c i s e  i n a l l  r unn i ng  
gr oups ,  w i t h  t h e  h i g h e s t  speed hav i ng t h e  g r e a t e s t  d e c r e a s e ;  
plasma pot ass i um i n c r e a s e d  as a r e s u l t  o f  e x e r c i s e ;  and 
l a c t i c  a c i d  d i d  not  i n c r e a s e  e x c e p t  m o d e r a t e l y  i n  the  
groups r unn i ng  a t  t h e  h i g h e s t  speed.
A s t udy on t h e  e f f e c t s  o f  e x e r c i s e  and x - i r r a d i a t i o n  
upon a l t e r a t i o n s  i n  organ and body growt h o f  r a t s  was
1 fi —
F. A. S r e t e r ,  and Si dney M. Fr i edman,  "Sodium,  
Pot a s s i um,  and L a c t i c  Acid A f t e r  Muscu l a r  E x e r c i s e  i n  t h e  
R a t , "  Canadian J o u r na l  o f  B i o c h e m i s t r y  and P h y s i o l o g y ,
36:  1 1 9 3 - 9 6 ,  November ,  1958.
conducted by K i me l d o r f  and B a u m . ^  A t o t a l  o f  864 male  
r a t s  was used i n  the s t udy .  E x er c i s ed  and n o n - e x e r c i s e d  
ani mal s  were s a c r i f i c e d  a t  d e s i g na t e d  i n t e r v a l s .  In the  
e x h a u s t i v e  swimming t e s t ,  r a t s  swam i n d i v i d u a l l y  in 24 
g a l l o n  c y l i n d r i c a l  metal  tanks i n  21°C- 25°C w a t e r .  A 
10 gram l ead we i g h t  was c l i p p e d  t o  each r a t ' s  chest  dur i ng  
each swimming t e s t .  Rats were a l l o we d  to swim u n t i l  they  
sank which v a r i e d  from 15 to 30 mi nutes f o r  most o f  t he  
a n i ma l s .  The swimming t e s t  was per formed d a i l y  f o r  5 
c o ns e c u t i v e  t i mes  per week f o r  e i t h e r  3,  9,  18 ,  or  30 days.  
Con t r o l s  f o r  t h e  study co n s i s t e d  o f  n o n - e x e r c i s e d  non­
i r r a d i a t e d  a n i m a l s .  X - r a y  dosage was: 100 r o e n t g e n ,  3 0 0 r ,  
5 0 0 r ,  7 0 0 r ,  and 9 0 0 r .  Fo l l owi ng  s a c r i f i c e ,  t he  f o l l o w i n g  
organs were wei ghed:  l e f t  a d r e n a l ,  l e f t  t e s t i s ,  l e f t  
k i d n e y ,  h e a r t ,  s p l e e n ,  thymus,  p i t u i t a r y ,  t h y r o i d ,  and 
t he  r i g h t  g l u t e u s  maximus muscl e .  The r e s u l t s  i n d i c a t e d  
t h a t  body w e i g h t ,  g l u t e us  maximus,  kidney and thymus 
wei ght s  were reduced w h i l e  the a d r e na l  we i ght  was i ncr eased  
i n  r a t s  as a r e s u l t  o f  d a i l y  e x h a u s t i v e  e x e r c i s e  or  expo­
sure t o  x - r a y s .  Spleen and h e a r t  were e n l a r ge d  f o l l o w i n g  
e x e r c i s e ,  but  were reduced wi t h  most doses o f  x - r a y s .
^ D .  J.  K i m e l d o r f ,  and S. 0 .  Baum, " A l t e r a t i o n s  
i n Organ and Body Growth o f  Rats Fo l l owi ng  D a i l y  Exhaust i ve  
E x e r c i s e ,  X - i r r a d i a t i o n , and P o s t - i r r a d i a t i o n  E x e r c i s e , "  
Growth,  18:  7 9 - 9 6 ,  Hay,  1954.
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T e s t i s  and p i t u i t a r y  we i ght s  were decr eas ed  by i r r a d i a t i o n  
and not  by e x e r c i s e .
1 O
S t e i n h a u s ,  H o y t ,  and Ri ce  examined the e f f e c t s  
o f  r u n n i n g  and swimming on t h e  organ we i g h t s  o f  dogs.  
Roe nt genogr aphi c  and e l e c t r o c a r d i o g r a p h i c  dat a  were  
o b t a i n e d  f rom f o u r  u n e x e r c i s e d  dogs,  f rom f o u r  dogs which  
were e x e r c i s e d  by r u n n i n g ,  and f rom t h r e e  dogs e x e r c i s e d  
by swimming.  A l l  dogs which e x e r c i s e d  had a d i f f e r e n t  
t i me  f o r  r unn i ng a n d / o r  swimming.  For  r u n n i n g ,  t h e  d u r a t i o n  
of  t he  runs were:  1530 m i l e s ,  1856 m i l e s ,  2036 m i l e s ,  and 
2278 m i l e s .  D u r a t i o n  o f  t h e  swimming t e s t s  were:  83 hour s ,  
91 h o u r s ,  and 128 hour s .  The da t a  i n d i c a t e d  t h a t  e x e r c i s e  
produced h y p e r t r o p h y  o f  t h e  h e a r t  which was more marked in  
swimmers t han in r u n n e r s .  No s i g n i f i c a n t  changes oc c ur r e d  
i n  organ we i ght s  o f  t he  l u n g s ,  l i v e r ,  k i d n e y ,  and sp l ee n  
as a r e s u l t  o f  r u n n i n g ,  but  t h e  a d r e n a l s  and t e s t e s  showed 
s i g n i f i c a n t  r e d u c t i o n s  in w e i g h t .  Swimming produced s i g n i ­
f i c a n t  r e d u c t i o n s  i n organ we i g h t s  o f  t h e  l u n g s ,  sp l e e n  and 
t e s t e s  whereas t h e  k i d n e y s ,  t h y r o i d ,  and a d r e n a l s  showed
marked e n l a r g e me n t  i n  organ w e i g h t s .
1 8 A r t h u r  H. S t e i n h a u s ,  L o r i s  A. Hoyt ,  and Hugh A. 
R i c e ,  "The E f f e c t s  o f  Running and Swimming on t he  Organ
Weiqhts o f  Growinq Doqs, "  Amer i can J our na l  o f  P h y s i o l o g y ,
99:  5 1 2 - 2 0 ,  J a n u a r y ,  1932.
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HISTOLOGICAL STUDIES ON THE CIRCULATORY 
SYSTEM OF SMALL ANIMALS
1 9Ham s t u d i e d  l a t h y r o u s  a o r t a  o f  male r a t s  by 
e l e c t r o n  mi cr oscopy .  The c o n t r o l  animals were fed f i e l d  
peas and t he  e x p e r i me n t a l  an i ma l s  were fed sweet  peas to  
produce l a t h y r o u s  a o r t a .  La t hy r ous  a o r t a  is a c o n d i t i o n  
in which t he  c o n n e c t i v e  t i s s u e s  o f  the a o r t a  are broken  
down, thus r e s u l t i n g  in aneurysm or  r u p t u r e  o f  the  a o r t a .  
A f t e r  be g i nn i ng  the d i e t ,  r a t s  were examined a t  t i me  i n t e r ­
vals v a r y i n g  from one to e i g h t  weeks.  The e l e c t r o n  
mi crographs showed t h a t  a f t e r  t h r e e  weeks on the  d i e t ,  
d i s t i n c t  changes were seen in a l l  e lements o f  the a o r t i c  
t i s s u e .  Sharp,  da r k  edges o f  normal  e l a s t i c  f i b e r s  had 
been r e p l a c e d  by b l u r r e d  t i s s u e .  The r e g i o n  o f  a t t a c hme nt  
of  muscle c e l l s  to e l a s t i c  f i b e r s  was b l u r r e d .  As t h e  d i e t  
was c o n t i n u e d ,  t h es e  changes became more e x t e n s i v e  and 
sever e .  The data  i n d i c a t e d  t h a t  l a t h y r o u s  a o r t a  c o n t a i ns  
an e x c e s s i v e  amount o f  c o n n e c t i v e  t i s s u e ,  both e l a s t i n  and
c o l l a g e n ,  abnormal  i n  form and d i s t r i b u t i o n .
20Menzies and M i l l s  s t u d i e d  a o r t i c  and s k e l e t a l
1 9 Kathryn N. Ham, "The F i ne  S t r u c t u r e  of  Rat  Aor t a  
in Exper i ment a l  L a t h y r i s m , "  The A u s t r a l i a n  Journal  o f  
Exper i ment a l  B i o l og y  and Medi cal  S c i e n c e , 40:  3 5 3 - 6 6 ,  
Oct ober ,  1962.
2 0 D. W. M e n z i e s ,  and K. W. M i l l s ,  "The A o r t i c  and 
S k e l e t a l  Lesions o f  La t hyr i sm i n  Rats on a D i e t  of  Sweet  
Pea, "  Jour na l  o f  P a t h o l ogy  and Ba c t e r i o l o g y ,  73:  2 2 3 - 3 7 ,  
January ,  1957.
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l e s i on s  o f  l a t h y r i s m  in r a t s .  A t o t a l  of  92 young male 
r a t s  was fed sweet -pea meal to produce l a t hy r ous  ao r t a  and 
s k e l e t a l  l e s i o n s .  Sur v i v a l  t i me of  r a t s  between beginning  
the d i e t  and the appearance o f  hemorrhage ranged from 23 to  
100 days.  For h i s t o l o g i c a l  exami nat i ons  of  the t i s s u e ,  the  
e n t i r e  t h o r a c i c  c o n t e n t s ,  h e a r t ,  l ung s ,  and mediast inum 
were removed and placed in 10 percent  f o r m a l i n .  A m o d i f i ­
c a t i o n  of  P e t e r f i ' s  p a r a f f i n - c e l 1o i d i n  double embedding 
method was used.  The a o r t i c  and bone t i s s u e  were s t a i ned  
wi t h 10 s t a i n s  and s t a i n i n g  methods.  Gross obser va t i ons  
and mi croscopi c  exami nat i ons r e ve a l ed  t h a t  the basi c l e s i o n  
common to the r a t  aor t a  and bone i s  an accumul at i on of  
c h o n d r o i t i n  su l phat e  w i t h  the breakdown of  suppor t i ng
s t r u c t u r e s  such as c o l l a g e n  f i b r i l s .
21Bachhuber and L a l i c h  used male and femal e r a t s  
to study the e f f e c t  of  sweet  pea meal on r a t  a o r t a .  A t o t a l  
of  17 r a t s  was used f o r  the cont r o l  group and 32 r a t s  
were used f o r  the exper i ment a l  group.  Length of  the  
exper i ment  ranged from 27 days to 101 days.  Gross obser va ­
t i o ns  were made f o r  d e f o r m i t i e s  o f  t he  sternum,  v e r t e b r a l  
column,  and femur .  The a o r t a e  were examined f o r  aneurysm 
or r u p t u r e .  Ti ssues were f i x e d  in 10 percent  f o r m a l i n ,
21 Thomas E. Bachhuber ,  and Joseph J.  L a l i c h ,
" E f f e c t  o f  Sweet Pea Meal on the Rat A o r t a , 1' American 
Medical  As s oc i a t i on  Archi ves o f  P a t h o l o g y , 591 247- 53 ’, 
Febr uar y ,  1955.
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embedded in p a r a f f i n ,  s e c t i o n e d ,  and s t a i ne d  wi t h  t h r e e  
s t a i n s :  hemat oxy l i n  and e o s i n ,  W e i g e r t ' s  s t a i n  and M a l l o r y ' s  
s t a i n .  Al l  of  the exper i ment a l  r a t s  devel oped s k e l e t a l  
d e f o r m i t i e s  and 20 out  of  28 r a t s  devel oped a o r t i c  
aneurysm.
SUMMARY OF REVIEWED LITERATURE
A revi ew o f  the l i t e r a t u r e  concerni ng the e f f e c t s  
of  e x e r c i s e  or  d i e t  on t he c i r c u l a t o r y  system and body 
wei ght  o f  smal l  ani mal s r e v e a l e d  t h a t  most of  the s t ud i es  
have been conducted wi t h  male r a t s .  The l e a s t  number of  
animals was 5 and the h i ghes t  number was 864.  Cardi ac and 
a o r t i c  t i s s u e s  were s t ud i ed  in a l l  o f  the  s t ud i e s  except  
s i x .  The t r e a d m i l l  appeared to be the f a v o r i t e  apparat us  
to use f o r  the e x e r c i s e  t r e a t m e n t .  St udi es d e a l i n g  wi t h  
d i e t  as the t r e a t m e n t ,  used a d i e t  o f  sweet pea meal f o r  
a l l  exper i ment a l  an i ma l s .  Length o f  t r e a t me nt s  ranged from 
7 days to 101 days.  Most o f  t h e  s t ud i e s  assi gned animals  
to co n t r o l  and e xper i ment a l  groups.  In p r e p a r a t i o n  o f  the  
t i s s u e  f o r  mi cr oscopi c  s t udy ,  most o f  the t i s s u e  was f i x e d  
i n 10 percent  f o r m a l i n ,  embedded in p a r a f f i n ,  and s t a i ne d  
by sever a l  s t a i n i n g  methods.  An exami nat i on of  the r e s u l t s  
r e ve a l e d  the f o l l o w i n g  aspec t s :  bodies of  ex er c i sed  mice 
weighed l ess  than c o n t r o l  mi ce;  most of  the ex e r c i s e d  
ani mal s had i ncr e ased  hear t  wei ght s and none had any hear t
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damage; swimming di d not produce s i g n i f i c a n t  i ncreases  in 
l a c t i c  and mal i c  dehydrogenase,  phosphor y l ase , and s u c c i n i c  
dehydrogenase; runni ng decreased plasma sodium,  but  
i ncreased plasma potassium and l a c t i c  a c i d ;  and a l l  sweet  
pea meal d i e t s  produced l a t h y r o u s  a o r t a e .
CHAPTER 3
PROCEDURE FOR THE STUDY 
OVERVIEW OF THE PROCEDURES
Thi s  study was conducted in Aransas Pass,  Texas ,
a t  t he  home of  t h i s  i n v e s t i g a t o r  dur i ng  t he  1974-75
academic y e a r *  Rats were r a i s e d  o u t s i d e  o f  the  house i n
an env i r onment  which was as near  as p o s s i b l e  to t h e i r
n a t u r a l  en v i r onment .  Animals were housed i n  w i r e  cages 
measur ing 12 inches l o n g ,  12 inches w i d e ,  and 12 inches  
deep.  Cont rol  r a t s  remained o u t s i d e  t h e  house t h r oughout  
the e n t i r e  s t u d y ,  but  r a t s  in t he  e x p e r i me n t a l  group were  
taken i n s i d e  t he  house dur i ng  the  t r e a t m e n t  p e r i o d ,  or  the  
swi m.
Data were c o l l e c t e d  f rom 180 a d u l t  male Hol tzman 
whi t e  r a t s .  At the  c o nc l us i on  o f  t he s t u d y ,  a l l  r a t s  were  
s a c r i f i c e d  and t h e  e n t i r e  arch of  t he  a o r t a e  were prepared  
f o r  e x ami na t i on  of  c o l l a g e n  and e l a s t i n  f i b e r s .  The a o r t i c  
t i s s u e  was f i x e d  in 10 pe r c e nt  f o r m a l i n  and embedded in  
p a r a f f i n - c e l l o i d i n .  A f t e r  t he  t i s s u e  was s e c t i o n e d ,  i t  
was s t a i n e d  w i t h  o r c e i n - h a e m a l u m - t a r t r a z i n e  s t a i n  and 
examined under  a S w i f t  compound mi cr oscope .  In or der  t o  
compare t he  a o r t i c  c o l l a g e n  and e l a s t i n  f i b e r s  of  the  
c o n t r o l  and e x p e r i me n t a l  a n i m a l s ,  3 X 2 f a c t o r i a l  a n a l y s i s
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o f  v a r i a n c e  d e s i g ns  w i t h  o r t h o g o n a l  compar i sons were em-  
p l o y e d .
SUBJECTS
A d u l t  male a l b i n o  r a t s  o f  t h e  Hol t zman s t r a i n  used 
i n  t h i s  i n v e s t i g a t i o n  were randoml y d i v i d e d  i n t o  6 groups  
o f  30 a n i ma l s  each.  Ani mal s were a l s o  d i v i d e d  i n t o  2 age 
groups:  75 days (young)  and 130 days ( a d u l t ) ,  w i t h  each age 
group c o n s i s t i n g  o f  1 c o n t r o l  and 2 e x p e r i m e n t a l  gr oups .
Rats in t h e  c o n t r o l  groups r e c e i v e d  no s y s t e m a t i c  e x e r c i s e ,  
w h i l e  an i ma l s  i n t h e  e x p e r i m e n t a l  groups were r e q u i r e d  to  
swim 15 mi nu t es  and 30 mi nut es  d a i l y ,  5 c o n s e c u t i v e  days 
per  week,  f o r  10 days and 20 days .
EQUIPMENT
Rats were housed in w i r e  c a ges ,  s i z e s  12 i nche s  
l ong X 12 i nches  wi de X 12 i nches  deep,  and swam i n a 96-  
g a l l o n  metal  t a n k .  A Junghans st op watch was used t o  t i me  
t he  r a t s  f o r  t h e  swim. An 820 mi crot ome by Spencer  Lens 
Company was used t o  cut  s e c t i o n s  o f  f i x e d  a o r t i c  t i s s u e  
f o r  e x a m i n a t i o n  by l i g h t  mi c r os c op y .  A S w i f t  C o l l e g i a t e  
400 compound l i g h t  mi cr oscope equi pped w i t h  an o c u l a r  m i c r o ­
met er  c a l i b r a t e d  i n  mi crons was used f o r  a l l  e x a m i n a t i o n s .  
Ti ss ue  s e c t i o n s ,  f l a t t e n e d  on a s l i d e  warming t a b l e ,  were  
d r i e d  in a Boekel  37°  C e l s i u s  ov en ,  model # 1 078 ,  and p l aced
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i n an e nc l osed  j a r  o f  f o r m a l i n  in a 56°  C e l s i u s  oven.  Wax 
embedding was done in a P r e c i s i o n  The l co  oven,  model #14 .
TESTING PROCEDURES
Upon a r r i v a l  a t  t h e  l a b o r a t o r y  t he  an i ma l s  were  
pl aced in groups o f  f o u r  i n  smal l  w i r e  c a ge s ,  des i gned and 
c o n s t r u c t e d  by t he  i n v e s t i g a t o r  o f  t h i s  s t u d y .  The cages ,  
c o n s t r u c t e d  o f  hardware  c l o t h  and p o u l t r y  w i r e ,  w i t h  lumber  
used on l y  on t h e  f rame where suppor t  was r e q u i r e d ,  were  
smal l  enough to l i m i t  random a c t i v i t y  by t h e  c o n t r o l  group 
and non-programmed a c t i v i t y  by t he  e x p e r i m e n t a l  r a t s .  S i nce  
a n o n - e x e r c i s i n g  group o f  r a t s  d i s p l a y e d  more random a c t i v i t y  
i n housi ng cages than an e x e r c i s i n g  g r oup ,  t he  a c t u a l  d a i l y  
energy o u t p u t  would be more i n  t h e  n o n - e x e r c i s e r s ;  t h e r e ­
f o r e ,  random a c t i v i t y  must be c o n t r o l l e d  by space r e s t r i c ­
t i o n s . ^  The a n i ma l s  r emai ned i n  t he se  cages t h r o u g h o u t  the  
d u r a t i o n  o f  t h e  s t udy  and were fed P u r i n a  L a b o r a t o r y  Chow 
and w a t e r ,  ad̂  1 i bi  turn.
Rats i n  t h e  two c o n t r o l  groups d i d  not  swim,  but  in  
t he  f o u r  e x p e r i m e n t a l  g r oups ,  two groups o f  r a t s  swam 15 
mi nut es  d a i l y  and two groups o f  r a t s  swam 30 mi nut es  d a i l y .  
The swimmers were r e q u i r e d  t o  swim the 15 mi nut e  and 30
^Ri c ha r d  A l l e n  P e t e r s o n ,  " M i c r o s t r u c t u r a 1 and 
U 1 t r a s t r u c t u r a l  Response o f  Myocardium to Aer ob i c  Phy s i ca l  
T r a i n i n g , "  ( u n p u b l i s h e d  D o c t o r ’ s d i s s e r t a t i o n ,  U n i v e r s i t y  
o f  Wi s c o ns i n ,  1 9 7 1 ) .
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mi nut e  swim a l l  a t  one t i me  w i t h o u t  any r e s t i n g  p e r i o d s ,  
f i v e  c o n s e c u t i v e  days per  week,  Monday through F r i d a y .
The t r e a t m e n t  p e r i o d  was conduct ed a t  n i g h t  f rom 7 p. m.  to  
12 a.m.
A 9 6 - g a l l o n  metal  t a n k ,  s i z e  4 f e e t  long X 2 f e e t  
wi de  X 2 f e e t  deep,  was used as a swimming t a n k .  T h i s  
t a nk  was purchased f rom Sears and Roebuck Company and i s  
used on ranches and farms as a s t ock  w a t e r i n g  t a n k .  Water  
de pt h  f o r  t h e  75 day o l d  r a t s  was 9^ i n c h e s ,  but  f o r  t h e  
130 day o l d  r a t s  10^ i nches  was used.  None of  t he  75 day 
o l d  r a t s  were a b l e  to swim 15 mi nut es  i n  w a t e r  deeper  than  
9^ i n c h e s ;  t h e r e f o r e ,  t h i s  depth was used f o r  the  t r e a t m e n t .  
On t h e  o t h e r  hand,  9^ i nches o f  w a t e r  was too s h a l l o w  f o r  
t h e  130 day o l d  r a t s  t o  swim c o n s t a n t l y  f o r  the  r e q u i r e d  
l e n g t h  o f  t i m e .  These r a t s  would swim f o r  a s h o r t  p e r i o d  
o f  t i me  and t hen r e s t  by s t a n d i n g  on t h e i r  hi nd l e g s  and 
p l a c i n g  t h e i r  f r o n t  l e gs  on t h e  s i de  o f  t h e  t a n k .  S i nce  
t h e  130 day o l d  r a t s  were a b l e  to swim c o n s t a n t l y  f o r  15 
mi nu t es  and 30 mi nut es  i n  10^ i nches o f  w a t e r ,  t h i s  depth  
was used f o r  t h e  t r e a t m e n t .  None o f  t h e  130 day o l d  r a t s  
were a b l e  to swim 15 mi nut es  i n w a t e r  de e pe r  t han 1 0 i  
i n c h e s .  The w a t e r  in t he  swimming t a n k ,  m a i n t a i n e d  a t  
room t e m p e r a t u r e ,  was changed p e r i o d i c a l l y  so t h a t  t h e  r a t s  
cou l d  be e a s i l y  seen.  A l a r g e  number o f  r a t s  swimming a t  
one t i me  w i l l  ge t  t he  w a t e r  d i r t i e r ,  and i n a s h o r t e r  
p e r i o d  o f  t i m e ,  t han w i l l  a smal l  number o f  r a t s .  For  the
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f i r s t  10 days of  t h i s  ex per i ment ,  the wat er  was changed 
t h r e e  t imes per  week and two t i mes per week f o r  the l a s t  
10 days.
A f l a t  w i r e  r a c k ,  co ns t r u c t ed  of  £ i n c h  hardware  
c l o t h  and a wood f rame,  was u t i l i z e d  to lower  and r a i s e  
the r a t s .  S i ze  of  the rack was 46^ inches long X 23 inches  
wide and was i d e n t i c a l  to the  shape of  the swimming t a n k ,  
which was oblong and rounded at  each end.  The rack was 
lowered i n t o  the swimming t ank and r a i se d  by means of  a 
p u l l e y  a t t ac hed  t o  a wood sawhorse const r uc t e d  o f  2 X 4 ' s ,
2 4g inches long and 28 inches hi gh.
Since the r a t s  swam in groups,  they were watched 
c o n s t a n t l y  dur i ng the swim to e l i m i n a t e  the  p o s s i b i l i t y  o f  
r a t s  drowning each o t her  and/ or  f l o a t i n g .  Any r a t  observed 
f l o a t i n g  was i mmedi a t e l y  pushed under the w a t e r .  Rats 
ho l d i ng  on to o t he r  r a t s  were i mmedi a t e l y  p u l l e d  o f f  and 
pushed under the  wa t e r ,  brownings di d occur :  3 in the 130 
day age group and 2 in the 75 day age group.  Two r a t s  had 
to be k i l l e d  by the  i n v e s t i g a t o r  of  t h i s  study because one 
became i l l  and anot her  became mean. The t o t a l  number of  
r a t s  per  swimming group v a r i e d  s l i g h t l y .  For 130 day old  
r a t s ,  the 30 minute swimming per i od had 35 r a t s  f o r  the  
f i r s t  10 days and 17 r a t s  f o r  the l a s t  10 days,  w h i l e  the  
15 mi nute swimming per i od had 34 r a t s  f o r  the f i r s t  10 days 
and 19 r a t s  f o r  t i ie l a s t  10 days.  The 30 mi nute swimming 
per i od f o r  the  75 day ol d r a t s  had 36 r a t s  f o r  t he f i r s t  10
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days and 19 r a t s  f o r  t he  l a s t  10 d a y s ,  w h i l e  t h e  15 mi nut e  
swimming p e r i o d  had 34 r a t s  f o r  t h e  f i r s t  10 days and 17 
r a t s  f o r  t h e  l a s t  10 days.
Ther e  was not  enough housi ng t o  ca r e  f o r  a l l  130  
r a t s  p l us  t h e  e x t r a  r a t s  a t  one t i m e ,  t h e r e f o r e  t h e  130  
day o l d  r a t s  were exposed t o  t h e  e x p e r i me n t  f i r s t ,  which  
was conduct ed f rom Fe br ua r y  24 t h r o u g h  March 2 1 ,  1 9 75 .  For  
t he  75 day o l d  r a t s  t h e  e x p e r i m e n t  was conduct ed from 
A p r i l  14 t h r ough May 9 ,  19 75 .
Procedur e  f o r  t h e  Tr e a t ment
P r i o r  t o  t he  swim,  a l l  r a t s  were ba thed in p l a i n  
warm w a t e r  f o r  two mi nut es  in a 1 7 - g a l l o n  p l a s t i c  t r a s h  
can.  Th i s  s h o r t  bat h  was e s s e n t i a l  and ne ces sar y  f o r  
removing any l oose  d i r t  a n d / o r  h a i r  on t h e  r a t s .  At  t he  
end o f  each d a y ' s  swim,  i f  t h e  r a t s  had not  been bathed  
p r i o r  t o  t h e  swim,  t he  w a t e r  would have been too d i r t y  to  
use t he  n e x t  day.  The w a t e r  had to be c l e a r  enough f o r  
t he  r a t s  t o  be p l a i n l y  v i s i b l e .  A l l  o f  t h e  swimmers were  
bathed i n  6 i nches o f  w a t e r  i n  groups c o n t a i n i n g  1 0 ,  1 1 ,  
or  12 r a t s  per  gr oup.  A f t e r  t h e  b a t h ,  t h e  r a t s  were put  
i n t o  t h e  swimming t ank  on t h e  r a c k  whi ch was l ower ed t o  
t he  bot tom o f  t h e  t a n k .  At  t he  c o n c l u s i o n  o f  t h e  15 mi nut e  
and 30 mi nu t e  swimming p e r i o d s ,  t he  r a t s  were removed f rom 
t h e  swimming t a nk  and p l ace d  i n 2 d r i p p i n g  cans { 5 - g a l l o n  
p l a s t i c  t r a s h  cans)  f o r  5 m i n u t e s .  Newspapers were p l a c e d
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i n the bot toms of  t he  cans so t h a t  most of  the wat er  running  
o f f  the r a t s  would be soaked up by the newspapers.  A f t e r  
wat er  had ceased to run o f f  the  r a t s ,  they were removed f rom 
the d r i p p i ng  cans and placed in l a r g e  cardboard dryi ng boxes 
f o r  15 mi nut es .  The r a t s  were dry enough to be removed f rom 
the dry i ng boxes and r e t u r ned  to t h e i r  cages o u t s i d e  a f t e r  
15 mi nut es .  At the end of  each group' s  swim, c l ean news­
papers were put i n t o  the  d r i p p i ng  cans and d r y i n g  boxes,  
and the bath water  was changed.
Since the f a c t o r  of  f l o a t i n g  must be e l i m i n a t e d  so 
t h a t  a l l  r a t s  w i l l  o b t a i n  equal amounts of  e x e r c i s e  dur i ng  
t he  same per i od  o f  t i m e ,  the r a t s  swam in groups.  In 
group swimming r a t s  f o r c e  one a n o t h e r  under t he  sur f ace  o f  
t he  water  and a g i t a t e  the wat er  so t h a t  f l o a t i n g  is impos­
s i b l e .  Thi s  method used f o r  e l i m i n a t i n g  the f a c t o r  of  
f l o a t i n g  dur i ng  swimming was di scussed in H a r d i n ' s  
a r t i c l e  f o r  swimming as a medium o f  exer c i se  f o r  r a t s .
H i s t o l o g i c a l  Examinat ion of  
Rat A o r t i c  Ti 5sue
At the concl us i on  of  each 10 day and 20 day swim­
ming p e r i o d ,  15 of  t he cont rol  r a t s  as wel l  as 15 of  the 
r a t s  which swam 15 mi nutes and 30 minutes were s a c r i f i c e d  
by e t h e r .  F i x i n g ,  embedding,  and s t a i n i n g  a l l  a o r t i c
2 Donald H. H a r d i n ,  "The Use o f  the La bor a t or y  Rat  
i n  Exer c i se  E x p e r i me n t a t i o n , "  The Research Q u a r t e r l y ,
36:  3 7 0 - 7 4 ,  Oct ober ,  1965.
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t i s s u e  was done accordi ng to the methods u t i l i z e d  by
3
Menzies and M i l l s  which are  discussed i n  the t h r e e  f o l l o w ­
ing paragraphs.
The e n t i r e  t h o r a c i c  c o n t e n t s ,  h e a r t ,  lungs and 
medi ast i num,  were removed en bloc and t r a n s f e r r e d  to 10 
percent  f o r m a l i n  in normal s a l i n e ,  b u f f e r e d  wi t h  chal k  
wi t h  the pH 6.1 ( cha l k  gets r i d  of  f o r mi c  ac i d r e s u l t i n g  
f rom the  breakdown of  f o r m a l i n ) .  A f t e r  dehydr a t i ng  the  
t i s s u e  in reagent  a l c o h o l ,  t he  t i s s u e  was placed in one 
percent  c e l l o i d i n  which was d i sso l ved  in methyl  benzoate  
f o r  t h r e e  to  f i v e  hours.  The t i s s u e  was placed i n t o  f r e s h  
one percent  c e l l o i d i n  f o r  t h r e e  to f i v e  hours aga i n;  
removed and pl aced i n t o  f r e s h  one pe r c e nt  c e l l o i d i n  f o r  
at  l e a s t  t h r e e  days.  Next ,  the t i s s u e  was placed i n t o  
benzene f o r  15 minutes ( t h i s  step was r epeat ed one t i m e ) .  
F i n a l l y ,  t he  t i s s u e  was pl aced i n t o  f r e s h  benzene s a t u r a t e d  
wi t h  p a r a f f i n  a t  30° Ce l s i us  (on top o f  the  oven)  f o r  15 
to 30 mi nut es .  Fol l owi ng t he  benzene t r e a t m e n t ,  the  
t i s s u e  was t r e a t e d  wi th p a r a f f i n  f o r  t h r e e  hours in the  
56° Ce l s i us  oven.  A f t e r  compl et i ng the p a r a f f i n  t r e a t m e n t ,  
the  t i s s u e  was embedded i mmedi a t e l y  i n mol ten p a r a f f i n .
The t r immed blocks of  a o r t i c  t i s s u e  were mounted on a
3 D. W. Menzies,  and K. W. M i l l s ,  "The A o r t i c  and 
Sk e l e t a l  Lesions of  Lathyr i sm i n Rats on a D i e t  o f  Sweet  
Pea, "  Journal  of  Pathology and B a c t e r i o l o g y , 73: 2 2 3 - 3 7 ,  
January ,  1957.
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mi crotome c u t t i n g  bl ock  and s i x  mi cron t h i c k  l o n g i t u d i n a l  
s e c t i o n s  were cut  f rom t h e  a o r t i c  a r c h .  Al l  t i s s u e  
s e c t i o n s  were mounted on mi croscope s l i d e s  in 1 percent  
g e l a t i n e  and were f l a t t e n e d  on a s l i d e  warmer.  A f t e r  
d r y i n g  the  t i s s u e  in t he  37°  Ce l s i us  oven o v e r n i g h t ,  the  
t i s s u e  was removed and p l aced in a 56° Ce l s i us  oven f o r  
f o u r  hours in the presence of  f o r m a l i n  fumes a r i s i n g  from 
f o r m a l i n  in a covered j a r .
An o r c e i n - h a e m a l u m - t a r t r a z i n e  s t a i n  was used to 
s t a i n  e l a s t i n  f i b e r s  brown and c o l l a g e n  f i b e r s  y e l l o w .
The t i s s u e  was pl aced in an or c e i n  s o l u t i o n  f o r  one to  
two hours.  At  the c o n c l u s i o n  o f  the  s t a i n i n g  p e r i o d ,  the  
t i s s u e  was b r i e f l y  d i f f e r e n t i a t e d  i n  0 . 5  p e r c e n t  HCL in 
95 pe r c e n t  a l c o h o l .  The t i s s u e  was washed in r unn i ng tap  
w a t e r  and then s t a i n e d  l i g h t l y  w i t h  bl ued haemalum. A f t e r  
t h e  t i s s u e  was removed f rom the haemalum s t a i n ,  t he  t i s s u e  
was r i ns e d  f o r  f i f t e e n  mi nutes in a s a t u r a t e d  s o l u t i o n  of  
t a r t r a z i n e  in c e l l o s l o v e .  The t i s s u e  was r i n s e d  in 70 
p e r c e n t  a l c oh o l  a f t e r  i t  was removed from t he  t a r t r a z i n e  
s t a i  n .
In p r e p a r i ng  r a t  a o r t i c  t i s s u e  by the usual  methods,  
t he  e l a s t i c  l ami nae  p u l l  a p a r t  f rom one anot her  c o mp l e t e l y  
d i s r u p t i n g  the d e l i c a t e  and complex i n t e r l a m i n a r  s t r u c t u r e s .  
A l s o ,  due to t he  e l a s t i c i t y  of  t hese  l ami nae i t  i s d i f f i ­
c u l t  to a c h i e v e  f l a t n e s s  on a s l i d e .  T h e r e f o r e ,  to 
overcome these  problems t he  t h o r a c i c  cont ent s  a r e  removed
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and f i x e d  as a whole,  p r ov i d i ng  suppor t  to t he  a o r t a .  A 
p a r a f f i n - c e l l o i d i n  doubl e  embedding method i s  used to 
f u r t h e r  i n s u r e  t h a t  a o r t i c  l aminae w i l l  adhere wel l  
t o g e t h e r  and t h a t  blood can be cut  wi t hout  e xcess i v e  f r a g ­
ment at i on .
S t a i ned  t i s s u e  sect i ons  were viewed a t  X400 
( m a g n i f i c a t i o n  of  400)  and X1000 ( o i l  o b j e c t i v e )  under a 
S w i f t  mi croscope.  An o c u l a r  mi c r omet e r ,  c a l i b r a t e d  f o r  
micron measurements,  was used to e s t i ma t e  f i b e r  di mensions.  
Each f i b e r  in a f i e l d  was measured to de t er mi ne  the s m a l l e s t  
and l a r g e s t  d i a me t e r ,  and then t hese  values were averaged 
t o  a r r i v e  a t  the mean d i amet er  of  t he  f i b e r s .  Long i t u ­
d i na l  s e c t i o n s ,  s i x  microns t h i c k ,  were used f o r  a l l  
measurements and to compare s t a i n i n g  d e n s i t i e s  o f  the 
c o l l agen  and e l a s t i n  f i b e r s .
ANALYSIS OF DATA
To det ermi ne the s i g n i f i c a n c e  of  d i f f e r e n c e  
between means,  po pu l a t i o n  standard d e v i a t i o n s  unknown,
3 X 2  f a c t o r i a l  a n a l y s i s  of  v a r i a n c e  designs w i t h  or thogonal  
comparisons were used f o r  a l l  components measured.  S i g n i f i ­
cance was assumed at  t he  .05 l e v e l .  For t h i s  s t udy ,  a l l  
c a l c u l a t i o n s  were done on a Hewl e t t - Packa r d  HP-45 c a l c u l a t o r .
PILOT STUDY
A p i l o t  study was conducted from September 5,  1974
t o  Oct ober  2 , - 1  974.  Hol t zman male w h i t e  r a t s  were  d i v i d e d  
i n t o  s i x  gr oups:  two c o n t r o l s  and f o u r  e x p e r i m e n t a l s ; two 
r a t s  per  g r ou p .  Rats in t h e  c o n t r o l  groups r e c e i v e d  no 
swimming.  In t he  e x p e r i m e n t a l  g r ou ps ,  r a t s  swam 15 minutes  
a n d / o r  30 mi nu t es  d a i l y  5 c o n s e c u t i v e  days per  week f o r  10 
a n d / o r  20 da y s .  A l l  t e s t i n g  and h i s t o l o g i c a l  p r oc edur es  
s t a t e d  in t h e  proposal  were used f o r  a n i ma l s  i n  t h e  p i l o t  
st udy .  The d a t a  were no t  ana l y z e d  s t a t i s t i c a l l y  because  
t h e r e  were t oo  few s u b j e c t s .  R e s u l t s  o f  the  p i l o t  s t udy  
d i s c l o s e d  t h e  f o l l o w i n g  f a c t s :  v e r y  l i t t l e  d i f f e r e n c e  in  
t he  number o f  e l a s t i n  and c o l l a g e n  f i b e r s  o f  t h e  c o n t r o l s  
and e x p e r i  m e n t a l s ;  s t a i n i n g  d e n s i t i e s  same i n  a l l  t i s s u e s ;  
and a l l  e x p e r i m e n t a l  a n i ma l s  had l a r g e r  e l a s t i n  and c o l l a g e n  
f i b e r s  than d i d  t h e  c o n t r o l s .
The p i l o t  s t udy  r e s u l t s  di d j u s t i f y  f u r t h e r  r e s e a r c h .  
A l a r g e  sample needed t o  be used in o r d e r  to e l i m i n a t e  
making a t y p e  I I  e r r o r .  S i nce  t he  r e s u l t s  o f  t h i s  s t udy  
needed to be a n a l y z e d  by a 3 X 2 f a c t o r i a l  a n a l y s i s  o f  
v a r i a n c e ,  a l a r g e  sample needed t o  be employed.  A main 
st udy needed t o be conduct ed  usi ng t h e  same l e n g t h  o f  t r e a t ­
ment t i mes  (15 mi nut es  and 30 m i n u t e s )  and number o f  days ,  
( 10 days and 20 d a y s ) ,  as was used i n ' t h e  p i l o t  s t u d y ,  t o  
d i s c o v e r  i f  a l a r g e  sample would ge t  t h e  same r e s u l t s  as 
di d  t h e  few r a t s  used i n  t h e  p i l o t  s t u d y .  Re g a r d l e s s  o f  
age,  l e n g t h  and d u r a t i o n  o f  t r e a t m e n t  o f  the e x p e r i m e n t a l
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a n i m a l s ,  e x e r c i s e  may not  have any e f f e c t  on s t a i n i n g  
d e n s i t i e s  a n d / o r  number o f  f i b e r s  o f  t h e  c o l l a g e n  and 
e l a s t i n  f i b e r s .  Tomanek,  a c c o r d i n g  t o  Ri char d  P e t e r s o n ,  
found t h a t  e x e r c i s e  d i d  not  i n c r e a s e  t h e  number o f  c o l l a g e n  
f i b e r s  o f  t h e  h e a r t  i n  e i t h e r  young or  ol d r a t s .  Thi s f a c t  
may a l s o  be t r u e  f o r  r a t  a o r t a  c o l l a g e n  and a l s o  e l a s t i n .
The e l a s t i n  f i b e r  mean f o r  t h e  e x p e r i m e n t a l  r a t s  
f o r  10 days o f  swimming was 1 7 . 2 5  mi cr ons ( M )  w h i l e  the  
c o n t r o l s  was on l y  5 . 7 5 A  For 20 days o f  swimming,  the  
e l a s t i n  f i b e r s  o f  t h e  e x p e r i m e n t a l  r a t s  had a mean o f  
1 9 . 6 5 > < a s  compared t o  a mean o f  6 . 1 5 / ^ f o r  t he  c o n t r o l s .  
A f t e r  10 days o f  swimming,  t he  mean o f  t he  c o l l a g e n  f i b e r s  
was 5 . 13/Wand o n l y  2 . 7 5 > w f o r  the  c o n t r o l s .  The c o l l a g e n  
f i b e r  mean f o r  20 days o f  swimming was 4 . 2 5 M  and 2 . 9 > L 
f o r  t he  c o n t r o l s .  From t h e  above mean s c o r e s ,  i t  a p p e a r ­
ed t h a t  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in s i z e s  o f  t he  
c o l l a g e n  and e l a s t i n  f i b e r s ;  t h a t  e x e r c i s e  d i d  i n c r e a s e  
t h e  s i z e s  i n 10 and 20 days .  d e V r i e s  r e p o r t e d  t h a t  in 
gui nea pi gs  e x e r c i s e  b r ought  about  changes i n h y a l i n e  
c a r t i l a g e  and c o l l a g e n  f i b e r s  a t  t h e  j o i n t s  a f t e r  t h r e e  
weeks o f  t r a i n i n g .  In 10 a n d / o r  20 days o f  swimming,  
e x e r c i s e  j u s t  mi ght  i n c r e a s e  the s i z e s  o f  both c o l l a g e n  
and e l a s t i n  f i b e r s  o f  a d u l t  male w h i t e  r a t s  a o r t a e  a l s o .
CHAPTER 4
PRESENTATION OF DATA
An i n v e s t i g a t i o n  was made o f  t he  d i f f e r e n c e s  i n  
s t r u c t u r e  o f  e l a s t i n  f i b e r s  in t h e  t u n i c a  media l a y e r  
and c o l l a g e n  f i b e r s  i n t h e  t u n i c a  a d v e n t i t i a  l a y e r  o f  r a t  
a o r t a .  M i c r o s c o p i c  e x a m i n a t i o n s  were made o f  f i b e r  s i z e s  
( d i a m e t e r s )  and numbers o f  f i b e r s .  The da t a  c o l l e c t e d  in  
t h i s  s t udy  a r e  p r e s e n t e d  in t he  Appe nd i x ,  pages 8 7 - 9 7 .
RAW MEASUREMENTS OF AORTIC CONNECTIVE TISSUE
Accor d i ng  to t he  raw measurement s ,  t h e r e  were no 
d i f f e r e n c e s  i n  t h e  numbers or  s i z e s  o f  c o l l a g e n  f i b e r s  o f  
t h e  e x p e r i m e n t a l  an i ma l s  and t he  c o n t r o l s .  For t he  
numbers o f  c o l l a g e n  f i b e r s  o f  t he  130 day o l d  r a t s ,  the  
c o n t r o l  r a t s  i n  10 days had on l y  a t o t a l  o f  73 f i b e r s ,  
whi ch were 3 f i b e r s  l e s s  t han t h e  15 mi nut e  swimmers and 
2 f i b e r s  l e s s  t han the  30 mi nu t e  swimmers.  In 20 days 
t h e  130 day o l d  c o n t r o l  r a t s  had a t o t a l  o f  78 f i b e r s  
which were 3 f i b e r s  more t han any o f  t he  130 day o l d  
swimmers.  Adding t he  2 c o n t r o l  gr oups '  numbers t o g e t h e r ,  
t h e  30 ,  130 day o l d  c o n t r o l  r a t s  had a t o t a l  number o f  
151 c o l l a g e n  f i b e r s  which was t he  same number f o r  t h e  
15 mi nut e  swimmers and one f i b e r  more than t h e  30 mi nut e  
swimmers.  S i nce  the  t o t a l  numbers o f  c o l l a g e n  f i b e r s  f o r
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the 130 day old c o n t r o l s  was e i t h e r  the same an d / o r  more 
than t h a t  of  the swimmers,  no 3 X 2 f a c t o r i a l  a n a l y s i s  of  
v a r i a nc e  designs were computed f o r  these d a t a .  Even though 
the 75 day old co n t r o l  r a t s  in 10 days had onl y a t o t a l  of  
74 co l l ag e n  f i b e r s ,  which was l es s  than the number found in 
the 75 day old swimmers,  in 20 days the  c o n t r o l s  had a 
t o t a l  o f  91 co l l ag e n  f i b e r s .  Thi s  number,  91 ,  was 11 f i b e r s  
more than the 15 mi nute swimmers,  and 15 f i b e r s  more than  
the 30 minute swimmers.  Since t he t o t a l  numbers of  co l l agen  
f i b e r s  f o r  the 75 day ol d c o n t r o l s  was more than t h a t  o f  
the swimmers,  no 3 X 2 f a c t o r i a l  a n a l y s i s  of  v a r i a n c e  
designs were computed f o r  these da t a .  Al l  t o t a l  mean s i zes  
of  t he co l l agen f i b e r s  o f  the c o n t r o l s  were l a r g e r  than 
those o f  the exper i ment a l  an i ma l s ;  t h e r e f o r e ,  no 3 X 2 
f a c t o r i a l  a n a l y s i s  of  va r i anc e  designs were computed f o r  
these da t a .
The raw measurements o f  t he  e l a s t i n  f i b e r s  r evea l ed  
t h a t  t he  s i zes  of  these  f i b e r s  were not  d i f f e r e n t  between 
the swimmers and c o n t r o l s .  Since t o t a l  raw measurements 
f o r  the c o n t r o l s  were hi gher  than the t o t a l  raw measure­
ments o f  the swimmers,  no 3 X 2 f a c t o r i a l  a n a l y s i s  of  
v a r i a nc e  designs o f  these data were employed.  Tota l  raw 
measurements of  the numbers o f  e l a s t i n  f i b e r s  showed t h a t  
the swimmers had more e l a s t i n  f i b e r s  in t h e i r  a o r t a e  than 
did t he  c o n t r o l s ;  t h e r e f o r e ,  3 X 2  f a c t o r i a l  a n a l y s i s  of
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va r i anc e  designs and or thogonal  comparisons of  these  data  
were employed.
STATISTICAL ANALYSIS OF ELASTIN TISSUE
Resul t s  of  the 3 X 2  f a c t o r i a l  a n a l y s i s  o f  var i ance  
f o r  the number of  e l a s t i n  f i b e r s  in the  ex per i ment a l  and 
cont r o l  groups are shown i n  Table I .
TABLE I
ANALYSIS OF VARIANCE OF NUMBER OF ELASTIN 
FIBERS IN AORTAE OF 180 MALE ALBINO RATS
SOV SS df M2 F P
A 398 . 10 2 199. 05 54.83 .01
B 118. 42 1 118. 42 32. 62 .01
AxB 14.21 2 7.11 1 .96 N.S.
Wi t h i n 631. 07 174 3.63
Total 1161 .80 179
A = T reat ment : 15 mi nute swim, 30 minute swim,
and cont ro l
B = Age: 75 days ol d and 130 days old
There was a d i f f e r e n c e  in the number o f  f i b e r s  in 
exper i ment a l  animals and i n the c o n t r o l s .  Th i s  d i f f e r e n c e  
in f i b e r  numbers,  accordi ng to the f r a t i o  f o r  l e v e l  A, 
was s i g n i f i c a n t  a t  the .01 l e v e l  o f  p r o b a b i l i t y .  The r a t s
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which swam 30 minutes had the h i g h e s t  mean,  1 5 . 7 8 ,  w h i l e  
the  r a t s  which swam 15 minutes had a mean o f  1 5 . 5 8 .  The 
mean f o r  t he  co n t r o l  group was 1 2 . 5 3 .  There was a s i g n i ­
f i c a n t  d i f f e r e n c e  in t h e  number o f  e l a s t i n  f i b e r s  between 
the age groups as r e v e a l e d  by t he  F r a t i o  f o r  l e v e l  B.
The mean f o r  the  75 day ol d r a t s  was 1 5 . 44  and 13 . 82  f o r  
the 130 day ol d r a t s .  The i n c r e a s e  in t he  number o f  f i b e r s  
was g r e a t e r  in the 75 day ol d r a t s  than i n the 130 day old  
r a t s  because the 75 day ol d r a t s  had the h i g h e s t  mean.  
I n t e r a c t i o n  f a c t o r  was not  s i g n i f i c a n t ;  t h e r e f o r e ,  t r e a t ­
ment {swimming)  and age had no s i g n i f i c a n t  e f f e c t  on one 
a n ot he r .
Ta b l e  I I  g i ves  the r e s u l t s  o f  t he  or t hogonal  
compar isons f o r  t he number of  e l a s t i n  f i b e r s  o f  a l l  the  
ani mal s  and i n d i c a t e s  where s i g n i f i c a n t  d i f f e r e n c e s  l i e .  
Comparison I shows t h a t  t h e r e  was no d i f f e r e n c e  i n  the  
number o f  e l a s t i n  f i b e r s  o f  the  15 mi nut e  swimmers and of  
the 30 mi nut e  swimmers.  The second compar ison i n d i c a t e s  
t h a t  t he  number o f  e l a s t i n  f i b e r s  was s i g n i f i c a n t l y  g r e a t e r  
i n the  e x p e r i me n t a l  an i ma l s  as compared t o t hose o f  the  
c o n t r o l s .
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TABLE I I
ORTHOGONAL COMPARISONS FOR NUMBER OF ELASTIN 
FIBERS IN AORTAE OF 180 MALE ALBINO RATS
SO V SS d f F P
Comp. I
I vs . I I 1 . 20 1 1 . 20 . 33 N. S.
Comp. 11
I & I I vs . I l l 3 9 6 . 9 0 1 3 9 6 . 9 0 1 0 9 . 3 4  .01
Wi t h i n 6 3 1 . 0 7 174 3 . 6 3
1 : 15 mi nute swim 
I I :  30 mi nut e  swim 
I I I :  Con t r o l  group
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T a b l e  I I I  p r e s e n t s  the  number o f  e l a s t i n  f i b e r s  
o f  75 day o l d  r a t s  c o nc e r n i ng  t r e a t m e n t  and d u r a t i o n  o f  the  
st udy .  Ther e  was a d i f f e r e n c e  i n  t h e  number o f  f i b e r s  in 
t he  e x p e r i m e n t a l  r a t s  and in t h e  c o n t r o l s .  Th i s  d i f f e r e n c e  
i n  f i b e r  numbers i n  t h e  a o r t a e  was s i g n i f i c a n t  a t  t h e  . 01 
l e v e l ,  a c c o r d i n g  t o  t h e  F r a t i o  f o r  l e v e l  A. Means f o r  the  
15 mi nut e  swimmers,  30 mi nut e  swi mmers,  and c o n t r o l  r a t s  
were 1 6 . 0 0 ,  1 6 . 8 3 ,  and 1 3 . 5 0 .  Rats which swam 10 days had 
a mean o f  1 5 . 2 7  w h i l e  t h e  r a t s  whi ch swam 20 days had a 
mean o f  1 5 . 6 2 .  There was no s i g n i f i c a n t  d i f f e r e n c e  between  
t he  number o f  f i b e r s  o f  t he  e x p e r i m e n t a l  r a t s  i n  10  days o f  
swimming and 20 days o f  swimming and no s i g n i f i c a n t  i n t e r ­
a c t i o n .
TABLE I I I
ANALYSIS OF VARIANCE OF NUMBER OF ELASTIN 
FIBERS IN AORTAE OF 75 DAY OLD 
MALE ALBINO RATS
SOV SS d f M2 F P
A 1 8 0 . 5 5 2 9 0 . 2 8 23 . 82 . 01
B 2 . 8 4 1 2 . 8 4 . 75 N.S.
AxB 4 . 7 0 2 2 . 3 5 .62 N.S.
Wi t h i n 3 1 8 . 1 3 84 3 . 7 9
To t a l 5 0 6 . 2 2 89
A = 
B =
T r e a t m e n t : 
c o n t r o l  
D u r a t i o n : 
swimming
15 mi nute  
10  days of
swim,  30 
swi mmi ng
mi nute  
and 20
swim,  and 
days o f
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Ta b l e  IV p r e s e n t s  o r t h o g o n a l  compar i sons da t a  f o r  
t he  number o f  e l a s t i n  f i b e r s  o f  75 day o l d  r a t s .  The f i r s t  
compar i son shows t h a t  t h e r e  was no d i f f e r e n c e  in t he  number  
o f  e l a s t i n  f i b e r s  o f  t h e  15 mi nut e  swimmers and o f  t h e  30 
mi nut e  swimmers.  Compar ison I I  i n d i c a t e s  t h a t  t he  numbers 
o f  e l a s t i n  f i b e r s  were s i g n i f i c a n t l y  g r e a t e r  in t h e  e x p e r i ­
ment al  r a t s  as compared to  t h e  c o n t r o l  group.
TABLE IV
ORTHOGONAL COMPARISONS FOR NUMBER OF ELASTIN 
FIBERS IN AORTAE OF 75 DAY OLD 
MALE ALBINO RATS
sov SS d f M2 F P
Comp. I 
I v s . I I 1 0 . 4 2 1 1 0 . 4 2 2 . 7 5 N. S.
Comp. I I  
I & I I  vs.  I l l 1 7 0 . 1 4 1 1 7 0 . 1 4 4 4 . 8 9 . 01
W i t h i n 3 1 8 . 1 3 84 3 . 7 9
I = 15 mi nut e  swim
I I  = 30 mi nut e  swim 
I I I  = Cont r o l  group
T a b l e  V shows t h e  da t a  o f  t he  130 day o l d  r a t s  
c o nc e r n i ng  t r e a t m e n t  and d u r a t i o n  o f  t he  s t u d y .  The F 
f o r  t h e  compar i son between t he  15 and 30 mi nu t e  swimmers 
and t h e  c o n t r o l s  i n d i c a t e d  t h e r e  was a d i f f e r e n c e  i n  t he
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number o f  f i b e r s  in t he  a o r t a e  o f  t h e  e x p e r i m e n t a l  r a t s  
and i n t h e  c o n t r o l s .  Th i s  d i f f e r e n c e  i n f i b e r  numbers was 
s i g n i f i c a n t  a t  t h e  .01 l e v e l .  Means f o r  t he  15 mi nut e  
swimmers,  30 mi nut e  swimmers,  and c o n t r o l  r a t s  were 1 5 . 1 7 ,  
1 4 . 7 3 ,  and 1 1 . 5 7 .  Rats which swam 10 days had a mean o f  
1 4 . 11  w h i l e  t h e  r a t s  whi ch swam 20 days had a mean o f  1 3 . 5 3 .  
No s i g n i f i c a n t  d i f f e r e n c e  was observed between t he  number  
o f  e l a s t i n  f i b e r s  o f  t h e  e x p e r i m e n t a l  an i ma l s  in 10 days o f  
swimming and 20 days of  swi mming,  and t h e r e  was no i n t e r ­
a c t i o n .
TABLE V
ANALYSIS OF VARIANCE OF NUMBER OF ELASTIN 
FIBERS IN AORTAE OF 130 DAY OLD 
MALE ALBINO RATS
S0V SS d f M2 F P
A 231 . 76 2 1 1 5 . 8 8 33 . 49 . 01
B 7 . 5 2 1 7 .52 2 . 1 7 N. S.
AxB 6 . 8 7 2 3 . 4 4 . 99 N. S.
W i t h i n 291 . 01 84 3 . 4 6
T o t a l 5 3 7 . 1 6 89
A = T r e a t me nt : 15 mi nu t e  swim,  30 mi nu t e swim,  and
c o n t r o l
B = D u r a t i o n : 10 days o f  swimming and 20 days o f
swimming
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The data f o r  the or thogonal  comparisons of  the  
t h r e e  groups are present ed in Tabl e  V I .  Comparison I shows 
t h e r e  was no d i f f e r e n c e  in the number o f  e l a s t i n  f i b e r s  o f  
the 15 mi nute swimmers and of  the 30 minute swimmers.  The 
second comparison i n d i c a t e s  t h a t  the numbers o f  e l a s t i n  
f i b e r s  were s i g n i f i c a n t l y  g r e a t e r  in the ex per i ment a l  group 
as compared to the c o n t r o l  group.
TABLE VI
ORTHOGONAL COMPARISONS FOR NUMBER OF ELASTIN 
FIBERS IN AORTAE OF 130 DAY OLD MALE 
ALBINO RATS
SOV SS df MZ F P
Comp . I 
I vs.  I I 2 . 82 1 2 . 82 .82 N. S.
Comp. I I  
I & I I  vs.  I l l 228 . 94 1 228 . 94 66 . 17 . 01
Wi t hi n 291.01 84 3 . 4 6
I = 15 mi nute swim 
I I  = 30 minute swim 
I I I  = Cont rol  group
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Tabl e  V I I  shows the wi dt h  of  the a o r t i c  medial  
l a y e r  of  a cont r o l  r a t  and an exper i ment a l  r a t .  The cont r o l  
r a t  had 17 e l a s t i n  f i b e r s  in the medial  l a y e r ,  and the  
exper i ment a l  r a t  had 21 e l a s t i n  f i b e r s .  A mean o f  180 
microns f o r  the ex per i ment a l  r a t  t i s s u e  as compared to a 
mean of  150 microns f o r  the c o nt r o l  r a t  t i s s u e  i n d i c a t e s  
t h a t  the wi d t h  o f  the medial  l a y e r  o f  the exper i ment a l  r a t  
was l a r g e r  than t h a t  o f  the  cont r o l  an i ma l .
Independent  groups'  t  t e s t  f o r  smal l  samples 
revea l ed  t  = 1 0 . 2 4 ,  which was s i g n i f i c a n t  a t  the  .01 l e v e l .
A s i g n i f i c a n t  t  i n d i c a t e d  t h a t  the wi dt h  o f  the  medial  
l a y e r  of  the  exper i ment a l  r a t  was s i g n i f i c a n t l y  l a r g e r  than 
t h a t  of  the cont r o l  r a t .
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TABLE V I I  
WIDTH OF MEDIAL LAYER OF RAT AORTAE
Cont rol
Sect i  on 
No.
Rat ,  8 n
Width in 
Mi crons
Exper i mental  Rat ,  12e
Sect i on Width in 
No. Microns
1 150 1 180
2 150 2 1 90
3 145 3 185
4 155 4 185
5 1 60 5 175
6 1 50 6 185
7 155 7 185
8 1 55 8 180
9 140 9 170
10 145 10 180
11 1 55 1 1 170
12 145 12 175
X a 1 50yu . X = 1 8 OyU.
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PHOTOMICROGRAPHS OF AORTIC CONNECTIVE TISSUE
P l a t e s  I t h rough XI  a r e  examples o f  p h o t o mi c r o ­
graphs f rom e x p e r i m e n t a l  and c o n t r o l  a n i m a l s .
P l a t e  I ,  page 51 ,  t aken  f rom r a t  12e ,  a 75 day o l d  
male which swam 30 mi nut es  f o r  20 d a y s ,  g i v es  an e x c e l l e n t  
p i c t u r e  o f  t he  l a r g e  s i z e  o f  the r a t  t u n i c a  media l a y e r  o f  
t h e  a o r t a .  There  a r e  21 e l a s t i n  f i b e r s  i n t h e  medi a l  l a y e r ,  
which was t h e  h i g h e s t  number o f  e l a s t i n  f i b e r s  counted in  
t h e  medi a l  l a y e r .  Note how some o f  t h e  f i b e r s  branch and 
how smal l  t he  a d v e n t i t i a l  l a y e r  i s  whi ch c o n t a i n s  ver y  few 
c o l l a g e n  f i b e r s .  The t i s s u e  above t h e  e l a s t i n  f i b e r s  i s  
b l ood .  Or ce i n - haemal  u r n - t a r t r a z i n e  s t a i n ;  X I 00.
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PLATE I
ELASTIN FIBERS FROM RAT 12e,  75 DAY OLD MALE 
WHICH SWAM 30 MINUTES FOR 20 DAYS (X100)
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P l a t e  I I ,  page 5 3 ,  a l s o  t a ken  f rom r a t  1 2 e ,  shows 
t h e  shapes and s i z e s  o f  t h e  e l a s t i n  f i b e r s .  The s m a l l e s t  
e l a s t i n  f i b e r ,  t h e  l a s t  f i b e r  on t he  r i g h t ,  i s  one mi cron  
in d i a m e t e r .  The b l a c k  c h e c k er bo a r d  l i n e s  i n t h e  p h o t o ­
mi c r o g r a p h  a r e  o c u l a r  m i c r o m e t e r  l i n e s  w i t h  each square  
or  d i v i s i o n  equal  to n i n e  m i c r o n s .  Or c e i n - h a e ma l u m-  
t a r t r a z i n e  s t a i n ;  X1000.
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PLATE I I
ELASTIN FIBERS FROM RAT 12e (XIOOO)
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Pl a t e  I I I ,  page 55» was taken f rom r a t  3a,  a 
130 day old male which swam 15 minutes f o r  10 days.  This  
p l a t e  shows 20 e l a s t i n  f i b e r s  in the a o r t i c  medial  l a y e r  
in t he  area c o n t a i n i n g  the most f i b e r s .  Note the smal l  
amount o f  co l l ag e n  on the r i g h t  of  the medi a l  l a y e r .  In 
the r i g h t  corner  o f  the photomicrograph i s  found a smal l  
amount of  adipose t i s s u e .  Orcein-haemal  u m - t a r t r a z i n e  
s t a i  n ; X I 00.
PLATE I ' l l
ELASTIN FIBERS FROM RAT 3a,  130 DAY OLD MALE 
WHICH SWAM 15 MINUTES FOR 10 DAYS ( X100)
P l a t e  I V ,  page 57 ,  shows t he  t i s s u e  t a k e n  f rom 
r a t  8 i , a 75 day ol d male f rom t he  20 day c o n t r o l  group  
Ther e  a r e  14 e l a s t i n  f i b e r s  in t he medi a l  l a y e r .  Note  
how many o f  t h e  e l a s t i n  f i b e r s  b r anch .  Orcei n-haemalurn  
t a r t r a z i n e  s t a i n ;  X1 0 0 .
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PLATE IV
ELASTIN FIBERS FROM RAT 8 i , 75 DAY OLD MALE, 
20 DAY CONTROL GROUP (X100)
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P l a t e  V,  page 59 ,  t aken from . the same r a t ,  8 i ,  
shows t he  shapes and s i zes o f  t he  e l a s t i n  f i b e r s  as viewed  
under  hi gh power ( X4 0 0 ) .  The l a r g e s t  f i b e r  is nine  
microns in d i a m e t e r ,  and the  s m a l l e s t  e l a s t i n  f i b e r  i s  
f o u r  microns i n  d i a me t e r  under  t he  o i l  o b j e c t i v e  (XI  00 0 } .  
O r c e i n - h a e m a l u r n - t a r t r a z i n e  s t a i n ;  X4Q0.
PLATE V
ELASTIN FIBERS FROM RAT 8 i (X400)
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P l a t e s  VI  t h r ough X ar e  examples o f  p h o t o mi c r o ­
graphs f rom e x p e r i m e n t a l  and c o n t r o l  a n i m a l s '  c o l l a g e n o u s  
t i ss ue .
P l a t e  V I ,  page 61 .  shows t i s s u e  t a k en  f rom r a t  
I k ,  a 130 day o l d  male f rom t h e  10 day c o n t r o l  group.
Thi s  s e c t i o n  o f  r a t  a o r t a  was t h e  best  one o f  a l l  180 
r a t s  f o r  c o l l a g e n .  The a d v e n t i t i a l  l a y e r  o f  t he  a o r t a  i s  
v e r y  l a r g e  and has d i f f e r e n t  s i z e s  o f  c o l l a g e n  f i b e r s .  
Much o f  t he  c o l l a g e n o u s  t i s s u e  i n  t he  upper  h a l f  o f  the  
phot omi cr ogr aph i s  d i s t o r t e d  and we l l  s e p a r a t e d .  The 
c o l l a g e n  f i b e r s  ne ar  t he  c e n t e r  a r e  not  d i s t o r t e d .  Note  
t he dense area i n  t h e  medial  l a y e r  c o n t a i n i n g  e l a s t i n  
f i b e r s  p o s s i b l y  caused from e l a s t i n  f i b e r s  not  l y i n g  f l a t  
on t h e  s l i d e .  O r c e i n - h a e m a l u m - t a r t r a z i n e  s t a i n ;  X100.
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PLATE VI
COLLAGEN FIBERS FROM RAT l k ,  130 DAY OLD MALE, 
10 DAY CONTROL GROUP (X100)
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P l a t e  V I I ,  page 63,  shows t he  same t i s s u e  taken  
f rom r a t  l k  a t  a . h i g h e r  m a g n i f i c a t i o n  (h i gh power ) .  Note  
how the t h r e e  l a r g e r  c o l l a g e n  f i b e r s  in the c e n t e r  o f  t he  
photomi crograph branch.  The l a r g e  c o l l a g e n  f i b e r s  are  
wel l  s e par a t e d  a n d . e a s i l y  d i f f e r e n t i a t e d ,  a c h a r a c t e r i s t i c  
which is seldom observed i n  co l l agenous  t i s s u e  o f  r a t  
a o r t a .  On t he  r i g h t  s i d e ,  t h e r e  a r e  many smal l  e l a s t i n  
f i b e r s  in among the c o l l a g e n  f i b e r s ,  but  a l l  o f  these  
f i b e r s  are  out  of  f ocus .  The l a r g e  area  o f  e l a s t i n  f i b e r s  
in t he upper  l e f t  hand co r n e r  are  a l s o  out  o f  f oc us .
O r c e i n - h a e m a l u m - t a r t r a z i n e  s t a i n ;  X400.
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PLATE V I I  
COLLAGEN FIBERS FROM RAT l k  (X400)
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P l a t e  V I I I ,  page 6 5 ,  shows t h e  same c o l l a g e n  
f i b e r s  o f  r a t  l k  a t  a h i g h e r  m a g n i f i c a t i o n  ( o i l  o b j e c t i v e ) .  
The c o l l a g e n  f i b e r  i n t h e  c e n t e r  o f  t he  phot omi cr ogr aph  
was the l a r g e s t  c o l l a g e n  f i b e r  and measured n i n e  microns  
in d i a m e t e r .  Note how t h i s  f i b e r  c u r v e s  and br anches.
O r c e i n - h a e m a l u m - t a r t r a z i n e  s t a i n ;  X1000.
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PLATE V I I I  
COLLAGEN FIBERS- FROM RAT I k  (XIOOO)
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Par t  o f  the co l l agen  f i b e r s ,  shown on P l a t e  I X ,  
page 67, are  masked by a few smal l  e l a s t i n  f i b e r s  which is  
t y p i c a l  of  r a t  a o r t i c  col l agenous t i s s u e .  Thi s sect i on  
o f  t i s s u e  was taken from r a t  4g,  a 130 day old male which 
swam 15 minutes f o r  20 days.  O r c e i n - h a e m a l u m - t a r t r a z i n e  
s t a i n ;  X400.
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PLATE IX
COLLAGEN FIBERS FROM RAT 4 g , 130 DAY 
WHICH SWAM 15 MINUTES FOR 20 DAYS
OLD MALE 
( X 4 0 0 )
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A v i e w o f  c o l l a g e n  f i b e r s  under  v e r y  low power i s  
shown on P l a t e  X,  page 69.  Most o f  the  c o l l a g e n  f i b e r s  
ar e  masked by v e r y  smal l  l a t t i c e l i k e  e l a s t i n  f i b e r s ,  but  
the c o l l a g e n  f i b e r s  a r e  ver y  d e ns e ,  making d i f f e r e n t i a ­
t i o n  o f  t h e  f i b e r s ,  i m p o s s i b l e .  Masking o f  t h e  e l a s t i n  
f i b e r s  and denseness o f  t he  c o l l a g e n  f i b e r s  makes meas ur e ­
ments i m p o s s i b l e .  T h i s  s e c t i o n  o f  t i s s u e  was t a k en  f rom 
r a t  2a ,  a 130 day ol d male f rom t h e  20 day c o n t r o l  gr oup.  
O r c e i n - h a e m a l u m - t a r t r a z i n e  s t a i n ;  X40,
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PLATE
COLLAGEN FIBERS FROM RAT 
20 DAY CONTROL
X
2a,  130 DAY OLD MALE,  
GROUP ( X 4 0 )
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P l a t e  X I ,  page 7 1 , g i ves  a cross s e c t i o n a l  view 
of  t he  w i d t h  o f  t he  a o r t i c  medi a l  l a y e r  f rom a co n t r o l  
r a t  and an e x p e r i me n t a l  r a t .  Each d i v i s i o n  on the o c u l a r  
mi cr omet e r  s c a l e  i s  equal  to . 005  mm. Width o f  the medial  
l a y e r  f o r  r a t  12e ,  a 75 day ol d male which swam 30 mi nutes  
f o r  20 days,  i s  190 mi c r ons ,  but  f o r  t he 75 day ol d  
c o n t r o l  r a t ,  8 n,  f rom the 20  day c o n t r o l  group the  wi dt h  
o f  t he  medial  l a y e r  i s  160 mi cr ons .
Hemat oxy l i n  and eos i n  s t a i n ;  X200.
PLATE X I
CROSS SECTION OF RAT AORTA FROM RAT 8 n,  
75 DAY OLD MALE, 20 DAY CONTROL GROUP
( X 2 0 0 )
CROSS SECTION OF RAT AORTA FROM RAT 12e ,  
75 DAY OLD MALE, SWAM 30 MINUTES FOR 
20  DAYS ( X 2 0 0 )

CHAPTER 5
SUMMARY, FINDINGS,  DISCUSSION,  CONCLUSIONS,
AND RECOMMENDATIONS
SUMMARY
The e f f e c t  of  a s p e c i f i c  e x e r c i s e  program on the  
c o l l a g e n  and e l a s t i n  f i b e r s  o f  the a o r t a  was s t u d i e d  
u t i l i z i n g  180 a d u l t  male a l b i n o  r a t s  as s u b j e c t s .
A l l  r a t s  were randomly d i v i d e d  i n t o  6 groups of  
30 animals each and i n t o  2 age groups:  75 days (young)  
and 130 day ( a d u l t ) ,  w i t h  each age group c o n s i s t i n g  o f  
1 c o nt r o l  and 2 ex per i men t a l  groups.  The e x e r c i s e  programs 
co n s i s t e d  o f  2 groups o f  r a t s  swimming 15 minutes and 2 
groups o f  r a t s  swimming 30 mi nutes d a i l y  f o r  5 c o ns e c u t i v e  
days per  week.  A t o t a l  o f  60 ex p er i men t a l  r a t s  swam f o r  
10  days and 60 o f  the ex pe r i me n t a l  r a t s  swam f o r  20  days.
At  t he  c o nc l us i on  o f  each 10 day and 20 day swimming p e r i o d ,  
15 o f  the  c o n t r o l  r a t s  as w e l l  as 30 o f  t he  e x e r c i s i n g  r a t s  
were s a c r i f i c e d  by e t h e r .  A l l  a o r t i c  t i s s u e  was prepared  
f o r  h i s t o l o g i c a l  exami na t i on  by l i g h t  mi croscopy.
Comparisons were made between the  numbers o f  
a o r t i c  e l a s t i n  f i b e r s  o f  t h e  c o n t r o l s  and ex pe r i me nt a l  
ani mal s  u t i l i z i n g  a 3 X 2 f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  
de s i g n .  When s i g n i f i c a n t  F r a t i o s  were o b t a i n e d ,  or t hogonal
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comparisons,  were u t i l i z e d  to det ermi ne where s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t e d .  No comparisons were made f o r  the  
co l l a ge n  t i s s u e  and s i ze s  o f  e l a s t i n  f i b e r s  because t he  
raw measurements of  the  c o n t r o l s  were e i t h e r  the same as ,  
or  g r e a t e r  t h a n ,  the exper i ment a l  an i ma l s '  raw measure­
ments.
FINDINGS
The f i n d i n g s  o f  t h i s  study were as f o l l o ws :
1.  According to t he  raw measurements,  t her e  were  
no d i f f e r e n c e s  in the  numbers or s i zes  of  col l agen f i b e r s  
o f  the  exper i ment a l  r a t s  and the c o n t r o l s .
2.  The raw measurements o f  the e l a s t i n  f i b e r s  
r e v e a l e d  t h a t  the s i zes  o f  these f i b e r s  were not  d i f f e r e n t  
between the swimmers and c o n t r o l s .
3. Tot a l  raw measurements of  the  numbers of  
e l a s t i n  f i b e r s  showed t h a t  the swimmers had more e l a s t i n  
f i b e r s  in t h e i r  a or t ae  than did the c o n t r o l s .
4.  There was a s i g n i f i c a n t  d i f f e r e n c e  in the  
number of  e l a s t i n  f i b e r s  in the swimmers and in the 
c o n t r o l s .  Orthogonal  comparisons data i n d i c a t e d  t h a t  the  
number of  e l a s t i n  f i b e r s  was s i g n i f i c a n t l y  g r e a t e r  in t he  
exper i ment a l  animals as compared to those o f  the c o n t r o l s .
5. There was a s i g n i f i c a n t  d i f f e r e n c e  in the number  
o f  e l a s t i n  f i b e r s  in both age groups wi t h  the 75 day o l d  
r a t s  having the  g r e a t e s t  i n c r e a s e .
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6 . I n t e r a c t i o n  f a c t o r  was not  s i g n i f i c a n t ,  t h e r e f o r e  
swimming,  age,  and d u r a t i o n  o f  t he s t udy  had no s i g n i f i c a n t  
e f f e c t  on one a n o t h e r .
7.  There was no s i g n i f i c a n t  d i f f e r e n c e  between the  
numbers o f  e l a s t i n  f i b e r s  o f  t h e  e x p e r i m e n t a l  r a t s  i n 10  
days o f  swimming and 20  days o f  swimming.
8 . The w i d t h  o f  t he  a o r t i c  media l a y e r  o f  t h e  
e x p e r i me n t a l  r a t  was s i g n i f i c a n t l y  l a r g e r  than t h a t  o f  the  
c o n t r o l  a n i m a l .
9.  No s i g n i f i c a n t  d i f f e r e n c e  i n  t he  number o f  
e l a s t i n  f i b e r s  o f  t h e  15 mi nut e  and 30 mi nut e  swimmers was 
found .
DISCUSSION
The r e s u l t s  o f  t h i s  s t udy  we r e ,  f o r  the most  p a r t ,  
c o m p l e t e l y  o p p o s i t e  f rom t h e  da t a  o b t a i n e d  from t h e  p i l o t  
s t u d y .  A p r i m a r y  reason f o r  t h i s  f a c t  l i e s  i n t h e  q u a l i t y  
o f  t h e  t i s s u e  s e c t i o n s .  For t h e  p i l o t  s t udy  most o f  t he  
e x p e r i m e n t a l  t i s s u e  was d i s t o r t e d ,  but  most o f  t he  c o n t r o l  
t i s s u e  was not  d i s t o r t e d  or  on l y  s l i g h t l y  d i s t o r t e d .  Thus,  
d i s t o r t e d  f i b e r s  had a much l a r g e r  d i a m e t e r  than d i d  
n o n d i s t o r t e d  f i b e r s .  For t h i s  p r e s e n t  i n v e s t i g a t i o n ,  most  
of  t h e  s e c t i o n s  o f  a o r t i c  t i s s u e  had more t i s s u e  p r e s e n t  
and were b e t t e r  s t a i n e d .  A l t hough most o f  t he  s e c t i o n s  
had d i s t o r t e d  a r e a s  p r e s e n t ,  t h e r e  were a r eas  on most  o f  
t hes e  s e c t i o n s  whi ch c o m p l e t e l y  l a c k e d  d i s t o r t i o n .  Much
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t i me  was spent  in f i n d i n g  the  areas i n which t he  e l a s t i n  
and c o l l a g e n  f i b e r s  were cut  c l e a n l y  and c r i s p l y .  A few 
s l i d e s  had a l l  s e c t i o ns  w i t h  on l y  d i s t o r t e d  f i b e r s .  In 
such cases ,  t he  areas  c o n t a i n i n g  the l e a s t  amount o f  d i s ­
t o r t i o n  were used f o r  measur ing f i b e r  d i ame t e r s  and 
count i ng the  number o f  f i b e r s .  In count i ng  the  number o f  
e l a s t i n  f i b e r s ,  much t i me was taken to s e l e c t  those areas  
c o n t a i n i n g  t h e  g r e a t e s t  number o f  f i b e r s ;  in count i ng the  
number o f  c o l l a g e n  f i b e r s ,  the areas c o n t a i n i n g  the  
c l e a r e s t  f i b e r s  were used.
A l l  raw measurements taken f o r  t he  numbers and
s i ze s  o f  t he  c o l l a g e n  f i b e r s  were s t r i c t l y  rough e s t i ma t e s
because t hese  f i b e r s  as a whole were very  i n d i s t i n c t  and
very  dense and c ont a i ne d  e i t h e r  very  l i t t l e  i n t r a c e l l u l a r
space or were c o mp l e t e l y  voi d of  i n t r a c e l l u l a r  space.  The
f i b e r s  were a l s o  ver y  c u r l e d ,  t w i s t e d ,  and many t imes were
masked by e l a s t i n  f i b e r s ,  making a c c u r a t e  measurements
i mp o s s i b l e .  Apter^ a l s o  found t h a t  i t  was not  po s s i b l e
t o e s t i ma t e  t he  amount o f  c o l l a g e n  from h i s t o l o g i c a l
?
s e c t i o n s .  Accordi ng to Ri chard Pe t e r s on ,  Tomanek found 
t h a t  e x e r c i s e  di d not  i n c r e a s e  the  number o f  co l l a g en
^ J u l i e  T.  A p t e r ,  Murray R a b i n o w i t z ,  and Dorothy
H. Cummings, " C o r r e l a t i o n  o f  V i s c o - e l a s t i c  P r o p e r t i e s  o f  
Large A r t e r i e s  w i t h  Mi c r o s c o p i c  S t r u c t u r e , "  Ci r c u l a t i  on 
Res ear ch , 1 9 : 1 1 3 ,  J u l y ,  1966.
2
Ri char d A l l e n  P e t e r s o n ,  " M i c r o s t r u c t u r a l  and 
U 1 t r a s t r u c t u r a l  Response o f  Myocardium t o Aer ob i c  Phys i ca l  
T r a i n i n g , "  ( unpu b l i s hed  D o c t o r ' s  d i s s e r t a t i o n ,  U n i v e r s i t y  
o f  Wi scons i n ,  1 9 7 1 ) .
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f i b e r s  o f  t h e  hear t  i n  e i t h e r  young or  old r a t s .  The
r e s u l t s  o f  t h i s  study suggest  t h a t  e x e r c i s e  does not
i n c r e a s e  t he  numbers or  s i z e s  o f  c o l l a g e n  in r a t  a o r t a e ,
3
r e g a r d l e s s  o f  age.  d e V r i e s  r e p o r t e d  t h a t  in gui nea pigs  
e x e r c i s e  i n c r e a s e d  the number o f  c o l l a g e n  f i b e r s  a f t e r  
t h r e e  weeks o f  t r a i n i n g .
Al t hough t h e r e  was no i n c r e a s e  in the s i z e s  o f  the  
e x pe r i me n t a l  a n i ma l s '  e l a s t i n  f i b e r s  as compared t o the  
e l a s t i n  f i b e r s  o f  the c o n t r o l s ,  t h e r e  was a ver y  n o t i c e ­
a b l e  d i f f e r e n c e  in the numbers o f  e l a s t i n  f i b e r s  as a 
r e s u l t  of  swimming.  From the d a t a ,  i t  appeared t h a t  
swimming d i d  i n c r e a s e  t h e  number o f  e l a s t i n  f i b e r s  in the  
media l a y e r  o f  r a t  a o r t a  and t h a t  age di d a f f e c t  the number 
a l s o ,  s i nce t h e  i n c r e a s e  in the number o f  e l a s t i n  f i b e r s  
was g r e a t e r  i n  the 75 day old r a t s  than in the 130 day ol d  
r a t s .
Regar dl ess  o f  t i m e ,  i t  appeared t h a t  swimming 15 
mi nut es and 30 m i n u t e s ' d a i l y  f o r  10  days or  20 days had 
t h e  same e f f e c t  on numbers of  e l a s t i n  f i b e r s .  Growth and
4
a d a p t a t i o n  o f  t he  a r t e r i a l  media occur  in s e ver a l  ways.
3
H e r b e r t  A. d e V r i e s ,  Phys i o l ogy  of  E x e r c i s e  f o r  
Phys i c a l  Educat i on  and A t h l e t i c s  (Dubuque:  W i l l i a m  C. Brown 
Company, 1 9 6 6 ) ,  pp. 1 8 0 - 8 1 .
^Seymour Gl agov,  "Hemodynamic Risk F a c t o r s :  Mechan­
i c a l  S t r e s s ,  Mural  A r c h i t e c t u r e ,  Medi a l  N u t r i t i o n ,  and t he  
V u l n e r a b i l i t y  o f  A r t e r i e s  to A t h e r o s c l e r o s i s , "  The Pat ho­
genes i s  of  A t h e r o s c l e r o s i s , eds.  R. W. W i s s l e r ,  J.  C. Gr e e r ,  
and Nathan Kaufman ( B a l t i m o r e : The W i l l i a m s  and Wi l k i n s  Co. ,  
1 9 7 2 ) ,  pp. 1 7 9 - 8 0 .
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As a o r t i c  d i a me t e r  and t e n s i o n  i n c r e a s e ,  growth o f  the  
a o r t i c  media i s  achi eved by changes in width and composi ­
t i o n  o f  i n d i v i d u a l  e l a s t i n  l a m e l l a r  u n i t s ,  and by 
f o r ma t i o n  o f  new e l a s t i n  l a m e l l a r  u n i t s  formi ng in the  
a d v e n t i t i a  l a y e r .  Since t h e r e  was a s i g n i f i c a n t  i nc r e as e  
i n  the number o f  e l a s t i n  f i b e r s  o f  t h e  ex pe r i me n t a l  a n i ma l s ,  
swimming a p p a r e n t l y  brought  about  growth in t he  a o r t i c  
media o f  t he  r a t  a o r t a e .  The i n c r e a s e  in the number of  
e l a s t i n  f i b e r s  i s  r e f l e c t e d  in t he  o v e r a l l  w i d t h  o f  the  
media l a y e r .
Si nce t he  h i s t o l o g i c a l  ex ami na t i ons  o f  t h e  a o r t i c  
t i s s u e  f a i l e d  to show d i f f e r e n c e s  i n  the numbers and s i z e s  
o f  c o l l a g e n  f i b e r s  between the  c o n t r o l s  and e x pe r i me n t a l  
a n i ma l s ,  i t  i s p o s s i b l e  t h a t  d i f f e r e n c e s  might  be r e ve a l e d  
by o t h e r  methods such as chemi cal  a n a l y s i s  o f  c o l l a g e n  or  
e l e c t r o n  mi cr oscopy .  E l e c t r o n  mi croscopy mi ght  a l s o  
d i s c l o s e  d i f f e r e n c e s  in t he  s i z e s  o f  e l a s t i n  f i b e r s .
E x e r c i s e  i n c r e a s e s  blood f l o w  through t h e  a r t e r i e s
which i n c r e a s e s  pr essur es  and t e n s i o n  on the a r t e r i a l
w a l l s .  I nc r e as e d  pressur es  and t e n s i o n  should s t r e ng t he n
t he  wa l l  o f  a r t e r i e s  by i mpr ov i ng t he  f u n c t i o n s  o f  both
5
c o l l a g e n  and e l a s t i n  t i s s u e .  Bur ton s t a t ed  t h a t  in  
blood v e s se l s  t h e r e  must always be a t o t a l  t e n s i o n  in the
5
Alan C. Cur t o n ,  " R e l a t i o n  o f  S t r u c t u r e  t o  Funct i on  
o f  the T i ssues  o f  the  Wal l  o f  Blood Ves s e l s , "  Physi  o l o q i c a l  
Revi ews,  3 4 : 6 3 3 - 3 4 ,  Oc t ob e r ,  1954.
w a l l s  s u f f i c i e n t  to coun t e r a c t  the d i s t e n d i n g  tendency of  
t he  blood pr es sur e .  The pr i mar y  f u n c t i o n  of  co l l agen  and 
e l a s t i n  f i b e r s  in the a o r t a ,  as wel l  as in ot her  a r t e r i e s ,  
i s  to provi de the necessary maintenance t ens i on in t he  
wal l  wi t hout  t he  expendi t ur e  o f  energy.  E l a s t i n  f i b e r s ,  
wi t h  t h e i r  g r e a t  range of  e x t e n s i b i l i t y ,  have the f u n c t i o n  
of  producing mai ntenance t e ns i on  aga i n s t  the normal blood 
pressures and t he  normal pr essure  f l u c t u a t i o n .  Due to the  
a r c h i t e c t u r e  o f  t he  w a l l ,  c o l l a g e n  f i b e r s  are s t r e t c h e d  
onl y  at  h i gher  than normal pressures and have a p r o t e c t i v e
suppor t i ng r o l e .
6Glagov c i t e s  anot her  f u n c t i o n  of  co l l a gen  and 
e l a s t i n  in the  a o r t a .  A c l o s e  a s s o c i a t i o n  of  co l l a g e n  
wi t h  e l a s t i n  i s  r e s pons i b l e  f o r  the shape of  the p r essur e -  
volume curves i n  the a o r t a .  The usual  curve obt a i ned in 
the a o r t i c  segment shows d i mi n i s h i n g  i n c r e as e s  in volume 
per  u n i t  i n c r e a s e  in pr essure  beyond a c e r t a i n  p o i n t .  As 
pressures are i nc r e a se d ,  e l a s t i n  f i b e r s  uncur l  and s t r e t c h ;  
i n c r e a s i ng  numbers of  c o l l a g e n  f i b e r s  a r e  drawn t a u t  and,  
due t o  t h e i r  i n e x t e n s i b i l i t y ,  l i m i t  f u r t h e r  d i s t e n t i o n .
The i n v e s t i g a t o r  o f  t h i s  p r es ent  study b e l i e v e s  t h a t  s i g ­
n i f i c a n t  i ncr eases  in the numbers of  e l a s t i n  f i b e r s  of  the  
exper i ment a l  r a t s  show t h a t  pressures and t ens i on  on the 
a o r t i c  wa l l s  were i ncreased s u f f i c i e n t l y  t o  improve the
^Glagov,  op. c i t . ,  p.  172.
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f u n c t i o n s  o f  both e l a s t i n  and c o l l a g e n  f i b e r s ,  and t her eby  
improve maintenance or  t o t a l  t e ns i o n  in the w a l l s  and 
improve the shape of  the pr essur e- vol ume curves in the  
a o r t a e .
Al though a t  present  t h e r e  i s  no u n d e r l y i ng  t heor y
7 8 9f o r  i n c r e a s i n g  the e l a s t i c i t y  o f  t he a o r t a ,  * * the  
i n v e s t i g a t o r  of  the pr esent  study b e l i e v e s  t h a t  t he  swimming 
t r e a t me n t  employed in t h i s  r esear ch di d i ncrease  the  e l a s t i ­
c i t y  of  the a o r t a e .  I n c r e a s i ng  the number of  e l a s t i n  
f i b e r s  in the exper i ment a l  a o r t i c  media should r e s u l t  in 
s t r e ng t h e n i ng  the wal l  which would i ncr e as e  e l a s t i c i t y .  
Fur t he r  research needs to be conducted such as measures of  
e l a s t i c i t y  on f r e s h  t i s s u e  to prove or  d i spr ove  t h i s  
hypothesi  s .
CONCLUSIONS
Wi t h i n  t he  l i m i t a t i o n s  o f  t h i s  s t udy ,  t he  f o l l o w i n g  
concl usi ons were reached:
1.  Swimming s i g n i f i c a n t l y  i ncreased the number of
^Based on personal  correspondence between Dr.
Her ber t  A. d e V r i e s ,  U n i v e r s i t y  o f  Southern C a l i f o r n i a ,  and 
the w r i t e r ,  Mary Welch.
D
Based on personal  correspondence between Dr.
W i l l i a m  C. Adams, U n i v e r s i t y  o f  C a l i f o r n i a  a t  Dav i s ,  and 
the w r i t e r ,  Mary Welch.
g
Based on personal  correspondence between Dr.  
Laurence E. Morehouse,  U n i v e r s i t y  of  C a l i f o r n i a  a t  Los 
Angel es ,  and the w r i t e r ,  Mary Welch.
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e l a s t i n  f i b e r s  in the media o f  the a o r t a  o f  the exper i ment a l  
r a t s .
2.  The exer c i se  u t i l i z e d  in t h i s  study did not  
s i g n i f i c a n t l y  modi fy the s i z e  or number o f  co l l agen f i b e r s .
3.  Exer c i se  i s  a p p a r e n t l y  more b e n e f i c i a l  in 
i n c r e a s i ng  t he  number of  e l a s t i n  f i b e r s  in younger  ani mal s  
than in o l d e r  subj ec t s .
4.  N e i t h e r  the number o f  days o f  ex e r c i s e  nor  the  
number o f  minutes of  e x e r c i s e  per  day had any s i g n i f i c a n t  
e f f e c t  over  t h a t  of  e x e r c i s e  alone on t he  number of  e l a s t i n  
f i  b e r s .
RECOMMENDATIONS
The f o l l o w i n g  s t u d i e s  should be conducted:
1.  A study on t he  e f f e c t s  of  swimming on r a t  ao r t a  
c o l l a g en  and e l a s t i n  f i b e r s  by e l e c t r o n  mi croscopy.
2.  Chemical  a n a l y s i s  might  r e v e a l  changes in 
c o l l agen  and e l a s t i n  f i b e r s  o f  r a t  a o r t a  o f  r a t s  exposed 
t o  swimming.
3.  Measures of  e l a s t i c i t y  on r a t  a o r t a  from r a t s  
exposed t o swimming.  A measure o f  e l a s t i c i t y  t h a t  i s  used 
t o  measure t he  e l a s t i c i t y  o f  blood vessel  wa l l s  is Young's  
Modulus,  or  " l o n g i t u d i n a l  e l a s t i c i t y " .  Thi s  modulus is  
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RAW MEASUREMENTS OF ELASTIN FIBERS
Groups, 
Ages
Total  Number 
of  Fi bers
To t a l  Mean Si zes  
in Microns
10 days 20  days 10  days 20  days
C o n t r o l , 
75 day 
ol d ra t s
202 203 91 .50 90 . 0
C o n t r o l , 
130 day 
ol d rats
172 175 93 . 0 100 . 5
15 minute 
swim, 75 
day old r a t s
240 240 82 . 0 72 . 0
15 minute 
swim, 130 
day old r a t s
235 220 8 0 . 0 84.  5
30 minute 
swim, 75 
day old r a t s
245 260 72 . 0 68 . 5
30 minute  
swim, 130 
day old r a t s
228 214 8 6 , 5 8 8 . 5
APPENDIX B
RAW MEASUREMENTS OF COLLAGEN FIBERS
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Groups,  T o t a l  Number Tot a l  Mean Sizes
Ages . o f  Fi bers_____________  i n Microns______
 10 days 20 days 10 days 20 days
Cont rol  ,
75 day 74 91 5 8 . 5  55 . 0
ol d r a t s
Cont rol  ,
130 day 73 78 6 6 . 2 5  67 . 5
old r a t s
15 mi nute
s w i m , 7 5 d a y  81 80 4 6 . 5  4 8 . 0
old r a t s
15 mi nut e
swim, 130 day 76 75 5 9 . 5  58 . 0
old r a t s
30 mi nut e
swim, 75 day 77 76 4 5 . 5  48 . 5
old r a t s
30 mi nut e
swim, 130 day 75 75 6 0 . 0  53 . 5
ol d r a t s
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APPENDIX C
RAW SIZES OF RAT AORTAE
Groups,
Ages
To t a l  Si zes ( d i a m e t e r s )  
i n m i l l i m e t e r s
10  days 20 days
C o n t r o l , 75 day 
ol d  r a t s
36 36 . 5
C o n t r o l , 130 day 
ol d r a t s
3 9 . 5  34
15 mi nut e  swim,  
75 day ol d r a t s
37 38
15 mi nut e  swim,  
130 day ol d r a t s
38 39 . 5
30 mi nut e  swim,  
75 day ol d r a t s
3 6 . 5  40
30 mi nut e  swim,  
130 day ol d r a t s
3 8 . 5  41
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APPENDIX D 
NUMBERS OF ELASTIN FIBERS FOR 180 
ADULT MALE WHITE RATS 
3 X 2  FACTORIAL ANALYSIS OF VARIANCE DESIGN
= 1390 
x = 15 . 44
£ B 2 = 1244 
x = 1 3 . 8 2
c A1 = 935  £ A 2 = 947  £ A 3 = 752
x = 1 5 . 58  x = 1 5 .78 x = 1 2 . 53
Var i  abl  es :
A = Treatment  
B = Age 
30 r a t s  per group
A1 A2 3
15 mi n 30 mi n Control
swim swim 75
75 days 75 days days
ol d old ol d
Total Total Tot a l
Scores= Scores= Scores=
(480) ( 5 05 ) ( 405)
15 m i n 30 m i n Control
swi m swim 130
130 days 130 days days
ol d old old
Tot a l Tota l Tot a l
Scores= Scores= Scores=
(455) ( 442 ) ( 347)
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APPENDIX E 
NUMBERS OF ELASTIN FIBERS FOR 130  
DAY OLD MALE WHITE RATS 
3 X 2  FACTORIAL ANALYSIS OF VARIANCE DESIGN
A1 A2 A3
15 mi n 30 m i n Cont rol
swim swi m
10  days 10 days 10  days
o f o f
swimming swimming
(235 ) ( 2 2 8 ) ( 172)
15 m i n 30 m i n Cont rol
swim swi m
20  days 20  days 20  days
of o f
swimming swimmi ng
( 2 2 0 ) ( 2 1 4 ) (175)
Z  A-j = 455 £ A 2 = 442 £ A 3 = 347
x = 1 5 . 1 7 x = 1 4 . 7 3 x = 11 . 57
t  B-
£  B,
V a r i a b l e s :
A = Tr e a t me nt  
B = D u r a t i o n  




= 1 3 . 5 3
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APPENDIX F 
NUMBERS OF ELASTIN FIBERS FOR 75 
DAY OLD MALE WHITE RATS 
3 X 2  FACTORIAL ANALYSIS OF VARIANCE DESIGN
£  B-j = 687 
x = 1 5 ‘ 27
£  B2 = 703
x = 1 5 ’ 62
t  A1 = 480 t  A2 = 505 £ A 3 = 405
- = 1 6 . 0 0  -  = 1 6 . 8 3  -  = 1 3 . 5 0
A A A
V a r i a b l e s :
A = T r ea t ment  
B = D u r a t i o n  
15 r a t s  per  group
A 1 a 2 A3
15 mi n 
swi m 
10  days 
o f
swi mmi ng
30 mi n 
swim 
10  days  
o f
swi mmi ng
Cont rol  
10  days
( 2 4 0 ) ( 2 4 5 ) ( 2 0 2 )
15 m i n 
swi  m 
20  days 
of
swi mmi ng
30 mi n 
swim 
20  days  
of
swi mmi ng
Cont rol  
20  days
( 2 4 0 ) ( 2 6 0 ) ( 2 03 )
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APPENDIX G
NUMBERS OF ELASTIN FIBERS FOR 180




A1 a 2 A3
935 947 752
+ 1 -1 0
+ 1 + 1 - 2
C, = (935 -  947 ) 2 = ( -1 2 ) 2 = 1 44 = ,
60 ( 1 2+ ( - 1  ) 2 120  120
C2 = (935 + 947 + ( - 2 )  7 5 2 ) 2 = ( 3 7 8 ) 2 = 142884
60 ( I 2 + I 2 + { - 2 ) 2 ) 360 360
396 . 90
APPENDIX H
NUMBERS OF ELASTIN FIBERS FOR 130







( 455  -  442 ) 2 = (1 3 ) 2 = 1_69
30 ( l 2 + ( - l ) 2 ) 60 60
(455 + 442 + ( - 2  ) 347 ) 2 = (203 ) 2 










NUMBERS OF ELASTIN FIBERS FOR 75





+ 1 -1 0
+ 1 +1 - 2
C-| = (480 - 505 ) 2 = ( - 2 5 ) 2 = 625  ̂ = 1Q  42  
30 (1 2 + ( - 1  ) 2 ) 60 60
c? = (480 + 505 + ( - 2 )  405 ) 2 (1 7 5 ) 2 = 30625 = 1 7n
30 ( 1 2+ l 2+ ( - 2 ) 2 180 180
APPENDIX J 
t  TEST FOR WIDTH OF MEDIAL LAYER 
OF RAT AORTAE
F o r mu l a : t  = x i x;
V  SE. ,2 + SE2 2
t  = 1 50 -  1 80_________
- J  (1 . 69 ) 2 + ( 2 .  39 ) 2 
t  = 30 = 3 0
V” 8757  2 . 93
t  = 1 0 . 2 4  d f  = ( N - l ) = 11
S i g n i f i c a n t  a t  .01 l e v e l
V I T A
The a u t h o r ,  Mary Wel ch,  was born in Po r t  A r t h u r ,  
Texas and r e c e i v e d  her  e l e m e n t a r y  and hi gh school  educa­
t i o n  in Por t  A r t h u r ,  Texas .
The Ba c he l o r  o f  Sc i ence degree  in H e a l t h ,  Phys i ca l  
E d u c a t i o n ,  and R e c r e a t i o n ,  w i t h  a mi nor  in Bot any ,  was 
awarded in 1954 by Texas Woman's U n i v e r s i t y .  A Ma st e r  o f  
Sci ence d e g r e e ,  w i t h  ma j or  emphasis i n  Phy s i c a l  Educat i on  
and minor  emphasis i n  H e a l t h  E d u c a t i o n ,  was awarded by 
Lo u i s i ana  S t a t e  U n i v e r s i t y ,  Baton Rouge in 1958 .
The a u t h o r  has t a u g h t  p h y s i c a l  e d u c a t i o n  t h i r t e e n  
year s  in p u b l i c  s c ho o l s :  f o u r  y e a r s  i n Aransas Pass High 
School ,  Aransas Pass,  Texas;  seven y e a r s  in j u n i o r  high  
and two y e a r s  i n  e l e m e n t a r y  school  i n  J e f f e r s o n  County  
P u b l i c  S c ho o l s ,  Lakewood,  Co l o r a do .
From 1 9 6 7 - 6 9 ,  t h e  a u t h o r  s t u d i e d  R a d i a t i o n  
Bi o l ogy  on t h e  g r a d u a t e  l e v e l  a t  Texas Woman's U n i v e r s i t y .  
In 1969 she began her  g r a d u a t e  program a t  L o u i s i a n a  S t a t e  
U n i v e r s i t y .  The Doct or  o f  E duc a t i on  d e g r e e ,  w i t h  a maj or  
i n Phys i ca l  E du ca t i on  and a mi nor  in Z o o l o g y / P h y s i o l o g y ,  
was awarded i n  May,  19 76 .
The a u t h o r  i s  c u r r e n t l y  employed a t  t he U n i v e r ­
s i t y  o f  Texas Mar i ne  Sc i ence  L a b o r a t o r y ,  P o r t  Ar a ns as ,  
Texas ,  as a r e s e a r c h  a s s i s t a n t .
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